/>^ 


Digitized  by  the  Internet  Archive 

in  2012  with  funding  from 

LYRASIS  Members  and  Sloan  Foundation 


http://archive.org/details/proceedingsofin681958indi 


PROCEEDINGS 

of  the 


Indiana  Academy 
of  Science 

Founded  December  29, 1885 


Volume  68 
1958 


Richard  A.  Laubengayer,  Editor 

Wabash  College 

Crawfordsville,  Indiana 


Spring  Meeting- 
May  23-24 
Earlham  College  Conference  Grounds 
at 
Dewart  Lake 

Fall  Meeting 

November  6-8,  1958 

Marion  College 

Published  at  Indianapolis,  Indiana 
1959 


1.  The  permanent  address  of  the  Academy  is  the  Indiana  State  Library. 

2.  Instructions  for  Authors  appear  at  end  of  this  volume,  p.  324. 

3.  Exchanges.     Items   sent   in    exchange    for   the   Proceeding's   and   cor- 
spondence    concerning-    exchange    arrangements    should    be    addressed: 
John  Shepard  Wright  Memorial  Library  of  the  Indiana  Academy  of  Science. 

c/o   Indiana   State   Library 
Indianapolis   4,   Indiana. 

4.  Proceedings  may  be  purchased  through  the  State  Library  at  $3.00 
per  volume. 

5.  Reprints  of  technical  papers  can  often  be  secured  from  the  authors. 
They  cannot  be  supplied  by  the  State  Library  nor  by  the  officers  of  the 
Academy. 

6.  The  Constitution  and  By-Laws  reprinted  from  v.  62  and  the  Mem- 
bership List  reprinted  from  v.  61,  are  available  to  members  upon  application 
to  the  Secretary.  Necrologies  reprinted  from  the  various  volumes  can  be 
supplied    relatives    and    friends    of    deceased    members    by    the    Secretary. 

7.  Officers  whose  names  and  addresses  are  not  known  to  correspond- 
ents may  be  addressed  care  the  State  Library.  The  address  of  the  editor 
of  the  present  volume  is  Biology  Department,  Wabash  College,  Crawfords- 
ville,   Ind. 

Papers     published     in     the     Proceedings     of     the     Indiana     Academy     of 
Science   are   abstracted    or   indexed    in   appropriate   services   listed    here: 
Annotated   Bibliography   of   Economic    Geology 
Bibliography   of  Agriculture 
Bibliography   of   North   American    Geology 
Biological  Abstracts 
Chemical   Abstracts 
Chemisches    Zentralblatt 
Current    Geographical   Publications 
Geological   Abstracts 
Mathematics  Reviews 
Metallurgical  Abstracts 
Psychological  Abstracts 
Review   of  Applied   Entomology 
Zoological   Record 


TABLE  OF  CONTENTS 

Page 

Officers  and  Committees  for  1957 6 

Minutes  of  the  Spring  Meeting 9 

Minutes  of  the  Executive  Committee 10 

Minutes  of  the  General  Session 18 

New  Members  of  the  Year  1957 19 

Junior  Academy  of  Science 21 

Necrology    29 

Presidential  Address — William  A.  Daily 43 

Anthropology 

Abstracts  of  papers  not  published  in  full 58 

W.  Ostertag — Genetic  and  environmental  factors  influencing  certain 

anthropometric  traits  59 

E.  V.  McMichael — Statistical  analysis  in  archaeology 65 

F.  X.  Grollig — Pagan  marriage  practices  in  Guatemala 70 

M.  S.  Wadia — The  political  organization  of  the  Tewa  Indians 72 

Bacteriology 

Abstracts  of  papers  not  published  in  full 78 

H.  H.  Powell  and  C.  G.  Culbertson — Inactivation  of  fixed  rabies 
virus,  grown  on  embryonated  duck  eggs,  by  means  of  beta 
propiolactone    81 

Botany 

Abstracts  of  papers  not  published  in  full 86 

C.    B.    Heiser,   Jr.    and    J.    Humbles — Indiana    Plant    Distribution 

Records,  XVII,  1958 93 

F.  K.  Daily — Some  observations  on  the  occurrence  and  distribution 

of  the  Characeae  of  Indiana 95 

E.  B.  William — Botryosphaeria  ribis  on  apple 108 

L.  R.  Schreiber  and  R.  J.  Green,  Jr. — The  occurrence  and  preva- 
lence of  oak  wilt  in  Indiana 110 

Chemistry 

Abstracts  of  papers  not  published  in  full 116 

F.  C.  Mathers  and  B.  W.  Neher — Electrodeposition  of  nickel  from 

nickel    perchlorate    solution 122 

J.  P.  Danehy — The  extraction  of  the  protein  components  of  human 

hair     128 

H.  C.  Reitz  and  R.  A.  Messing — An  electrophoretic  study  of  the 
serum  proteins  of  the  rabbit  as  influenced  by  intravenous  injec- 
tion of  aureomycin   139 

A.  Mofpatt  and  H.  Hunt — The  investigation  of  unstable  intermedi- 
ates with  the  aid  of  infrared  radiation 144 

3 


4  Indiana  Academy  of  Science 

Page 
Entomology 

Abstracts  of  papers  not  published  in  full 147 

D.    L.    Schuder — Recently    discovered    insect    pests    of   ornamentals 

in  Indiana 150 

N.  M.   Downie — Records  of  Indiana   Coleoptera,  II 155 

B.  E.  Montgomery — Preliminary  studies  of  the  composition  of  some 

Indiana  nectars    159 

F.  N.  Young — Some  facts  and  theories  about  the  broods  and  peri- 

odicity of  the  periodical  cicadas 164 

R.  T.  Everly — Evaluation  of  population  estimates  and  rate  of  loss 

of  forage  for  the  meadow  spittlebug,  Philaenus  leucophthalmus  171 

G.  E.  Gould — Varietal  susceptibility  of  cucurbits  to  cucumber  beetle 

attack     186 

J.  V.  Osmun — Insects  and  other  arthropods  of  economic  importance 

in  Indiana  in  1958 190 

R.    A.    Killough — Susceptibility   of   the    Ootheca    of   the    American 

cockroach,  Periplaneta  americana,  to  various  insecticides 196 

L.    Chandler — Biological    interrelationships    in    mud-dauber    nests 

with  special  reference  to  Osmia  cordata  Robt 199 

M.  L.  Cleveland  and  D.  W.  Hamilton — The  insect  fauna  of  apple 

trees  in  southern  Indiana,  1956  and  1957 205 

Geology  and  Geography 

John  Fraser  Hart — Rural  population  density  in  Indiana 218 

L.  Guernsey — Relationships  between  cyclonic  characteristics  and 
precipitation  in  western  Indiana  during  the  summers  of  1953, 
1956  and  1957 225 

A.  H.  Meyer  and  E.  B.  Hess — Gary  "Big  Steel" — geographic  de- 
sign and  destiny    237 

R.  V.  Kirch — Development  and  utilization  of  underground  gas  stor- 
age in  Indiana 259 

C.  L.    Bieber — Some    Mississippi    limestone    breccias    in    northwest 

Putnam   County,   Indiana    265 

T.  F.  Barton — Should  we  convert  state  forests  into  state  parks    ...    268 

O.  P.  Starkey — Increasing  crops  and  standard  of  living 273 

J.  C.  Hook — The  quantification  of  landform  characteristics — a  rough- 
ness index   277 

J.  L.  Meisel — Population  censal  maxima  in  Indiana  townships 283 

J.  V.  Bergen — Some  aspects  of  settlement  patterns — a  case   study 

in  south  central  Indiana 285 

R.  B.  Johnston — A  geographic  approach  to  prediction  of  college 

freshman   enrollment    289 

S.  S.  Visher — Indiana's  minerals  and  the  state's  development 300 

J.  G.  Gosselink — What  caused  the  ice  age 294 

G.    J.    Shea — Normal    earthquakes    and    records    of    tremors    in    the 

earth's  rotation    298 


Table  of  Contents  5 

Page 
History  of  Science 

S.  S.  Visher — Indiana's  minerals  and  the  state's  development 300 

H.    H.    Michaud — History    of    science    education    in    Indiana    High 

schools    303 

D.  DenUyl — History  of  the  civilian  conservation  corps 308 

M.  S.  Markle — A  history  of  the  Joseph  Moore  Museum  at  Earlham 

College :   early  history 311 

J.   B.   Cope — A  history  of  the  Joseph   Moore   Museum   at  Earlham 

College:  later  and  present  history 313 

Mathematics 

Abstracts  of  papers  not  published  in  full 316 

Plant  Taxonomy 

Abstracts  of  papers  not  published  in  full 319 

S.  McCoy — A  new  species  of  honey  locust 320 

Physics 

Abstracts  of  papers  not  published  in  full 322 

Psychology 
Abstracts  of  papers  not  published  in  full 325 

Soil  Science 

Abstract  of  paper  not  published  in  full 329 

S.  A.  Barber — Prediction  of  the  residual  effect  of  phosphate  appli- 
cations        330 

G.  W.  Bailey  and  J.  L.  White — The  mineralogy  and  genesis  of  a 

soil  (Tilsit  silt  loam)  of  the  unglaciated  regions  of  Indiana.  .  .  .    337 

T.  M.  Bushnell— Mystery  Mound 343 

H.    P.    Ulrich— Wisconsin   moraines    as    a    source    of    loess    in    soil 

formation  in   Fayette  and   Union   Counties 349 

H.  M.  Galloway  and  T.  C.  Bass — Streamlining  soil  survey  informa- 
tion for  practical  use 354 

Zoology 

Abstracts  of  papers  not  published  in  full 360 

W.    C.    GuNTHER — Effect    of    abnormal    incubating    temperature    on 

chick  behavior    363 

A.  E.  Reynolds — Eggs  and  young  of  the  lizard,  Eumeces  fasciatas  367 

Appendix 

Instructions  for  contributors 379 

Index  to  Volume  68 381 


Officers  and  Committees  of  the  Indiana 
Academy  of  Science 


Spring  Meeting:    May  23,  24,  Dewart  Lake,  Indiana. 

Fall  Meeting:  November  6,  7,  8,  Marian  College,  Indianapolis. 
THE  TREASURER,  EDITOR,  PRESS  SECRETARY,  AND  COM- 
MITTEE CHAIRMEN  ARE  EXPECTED  TO  PRESENT  WRITTEN 
REPORTS  AT  THE  FALL  MEETING. 

OFFICERS  FOR  1958 

President W.  A.  Daily,  Eli  Lilly  &  Company 

Vice  President A.  A.  Lindsey,  Purdue  University 

Secretary H.  E.  Crull,  Butler  University 

Treasurer F.  J.  Welcher,  Adult  Ed.  Center,  Ind.  Univ. 

Editor R.  A.  Laubengayer,  Wabash  College 

Press  Secretary F.  N.  Young,  Jr.,  Indiana  University 

CHAIRMEN    ELECTED    BY    THE    DIVISIONS 

Anthropology E.  Blasingham,  Indiana  University 

Bacteriology W.  A.  Konetzka,  Indiana  University 

Botany Mrs.  Fay  Daily,  Butler  University 

Chemistry E.  T.  McBee,  Purdue  University 

Entomology J.  Favinger,  State  Dept.  of  Conservation 

Geology  &  Geography J.  F.  Hart,  Indiana  University 

History  of  Science H.  Michaud,  Purdue  University 

Mathematics I.  Burr,  Purdue  University 

Physics L.  Salter,  Wabash  College 

Plant  Taxonomy M.  Hall,  Butler  University 

Psychology G.  Lovell,  Wabash  College 

Zoology W.  Hopp,  Indiana  State  Teachers  College 

EXECUTIVE  COMMITTEE 

(Consisting  of  Past  Presidents,   Current  Officers,   Divisional 
Chairmen,  and  Chairmen  of  Standing  Committees) 

Bernard,  Sister  M.  Hall,  M.  Mellon,  M.  G. 

Blasingham,  E.  Hart,  J.  F.  Meyer,  A.  H. 

Breneman,  W.  R.  Hopp,  W.  Michaud,  H.  H. 

Burr,  I.  Johnson,  D.  F.  Mitchell,  A. 

Christy,  0.  B.  Johnson,  W.  H.  Morgan,  W.  P. 

Coats,  N.  M.  Just,  T.  K.  Payne,  F. 

Crull,  H.  E.  Kent,  R.  L.  Porter,  C.  L. 

Cumings,  E.  R.  Klinge,  P.  Powell,  H.  M. 

Daily,  Fay  Konetzka,  W.  A.  Salter,  L. 

Daily,  W.  A.  Laubengayer,  R.  A.  Schulz,  R.  W. 


Officers  and  Committees  7 

Davis,  J.  J.  Lilly,  Eli  Visher,  S.  S. 

Degering,  E.  F.  Lindsey,  A.  A.  Wallace,  F.  N. 

Edington,  W.  E.  Lovell,  G.  Weatherwax,  P. 

Edward,  P.  D.  Mackell,  J.  F.  Welch,  W.  H. 

Enders,  H.  E.  Markle,  C.  A.  Welcher,  F.  J. 

Favinger,  J.  Markle,  M.  S.  Young,  F.  N.,  Jr. 

Girton,  R.  E.  McBee,  E.  T.  Yuncker,  T.  G. 

BUDGET  COMMITTEE 

Consisting  of  President,  Secretary,  Treasurer,  Editor,  Chairman 
of  Junior  Academy,  Library,  Program,  and  Relation  of  Academy  to 
State:  W.  A.  Daily,  H.  E.  Crull,  F.  J.  Welcher,  R.  A.  Laubengayer, 
H.  H.  Michaud,  N.  M.  Coats,  Sister  Marie  Bernard,  F.  N.  Wallace. 


COMMITTEES  ELECTED  BY  THE  ACADEMY 

Trustees  of  the  Academy  Foundation  (term  4  years) :  Chairman,  Ward 
J.  Rice  (term  expires  1960),  J.  E.  Seybert  (term  expires  1961). 

Bonding  of  Trustees  (elected  annually):  Chairman,  Scott  McCoy,  Tech- 
nical H.  S.,  Indianapolis;  R.  E.  Cleland. 

Research  Grants  (term  5  years):  Chairman  T.  G.  Yuncker,  DePauw 
University  (term  expires  1959);  M.  G.  Mellon  (1960);  Paul  Weather- 
wax  (1961);  J.  J.  Mackell  (1958);  J.  F.  Hart  (1962);  W.  A.  Daily 
and  H.  E.  Crull  (ex  officio). 


COMMITTEES  APPOINTED   BY  THE   PRESIDENT 
Auditing:    Chairman,  W.  P.  Morgan,  Ind.  Central  Col.;  S.  E.  Elliot. 

Biological  Survey:  Chairman,  C.  A.  Markle,  Earlham  College;  F.  K. 
Daily;  D.  G.  Frey;  C.  J.  Goodnight;  H.  H.  Michaud;  S.  A.  Minton; 
Winona  H.  Welch;  F.  N.  Young. 

Fellows  Committee:  Chairman  F.  K.  Daily,  Plant  Taxonomy,  Butler 
University;  A.  T.  Guard,  Botany;  H.  M.  Powell,  Bacteriology; 
C.  F.  Voeglin,  Anthropology;  M.  G.  Mellon,  Chemistry;  H.  O. 
Deay,  Entomology;  T.  F.  Barton,  Geology  and  Geography;  M.  S. 
Markle,  History  of  Science;  P.  D.  Edwards,  Mathematics;  A.  C. 
Mitchell,  Physics;  H.  H.  Remmers,  Psychology. 

Index:  Chairman,  R.  A.  Laubengayer,  Wabash  College;  Nellie  Coats; 
F.  N.  Wallace. 

Indiana  Talent  Search:  Chairman,  R.  W.  Schulz,  Purdue  University; 
L.  H.  Baldinger;  P.  D.  Edwards;  T.  W.  Torrey;  C.  A.  Markle;  M. 
Correll. 

Invitations:  Chairman,  D.  F.  Johnson,  Ind.  St.  Teachers  College;  W.  P. 
Morgan;  Keith  Seymour. 


8  Indiana  Academy  of  Science 

Junior  Academy:  Chairman,  H.  H.  Michaud,  Purdue  University;  N.  E. 
Adams;  R.  Cooper;  J.  Cope;  S.  D.  Gerkin;  P.  E.  Klinge;  Lola  Lemon; 
R.  McCougal;  R.  E.  Martin;  R.  E.  Niswander;  M.  Stork. 

Library:    Chairman,  N.  M.  Coats,  State  Library;  M.  G.  Mellon,  Eli  Lilly. 

Membership:  Chairman,  R.  L.  Kent,  Ind.  Cent.  College;  R.  Fletcher, 
DePauw  University;  R.  M.  Cable,  Purdue  Univ.;  Lois  Farquharson, 
Franklin;  M.  Garner,  Earlham;  W.  H.  Headlee,  Ind.  Univ.  Med. 
Center;  Z.  Hurlbut,  Anderson;  E.  Kintner,  Manchester;  R.  G. 
Larson,  Valparaiso;  R.  E.  Martin,  Hanover;  L.  S.  McClung,  Ind. 
Univ.;  R.  J.  Sheehan,  Notre  Dame;  C.  Brumfiel,  Rail  St.  Teachers 
Col.;  D.  F.  Johnson,  Ind.  St.  Teachers  Col. 

Necrologist:    W.  E.  Edington,  DePauw  University. 

Program:  Chairman,  Sister  Marie  Bernard,  Marion  College;  M.  T.  Hall; 
J.  M.  McGuire;  Sister  M.  Adelaide;  Sister  Marie  Rose;  M.  S. 
Markle. 

Publication  of  Proceedings:  Chairman,  R.  A.  Laubengayer,  Wabash 
College;  A.  A.  Lindsey. 

Publicity:  Chairman,  F.  N.  Young,  Indiana  University;  Sister  Gertrude 
Marie;  Father  Paul  Courtney. 

Relation  of  Academy  to  State:  Chairman,  F.  N.  Wallace,  Dept.  of  Con- 
servation; J.  A.  Clark;  Eli  Lilly;  H.  J.  Reed. 

Representative  on  Council  of  the  AAAS:  W.  H.  Johnson,  Wabash  Col- 
lege. 

Resolutions:  Chairman,  W.  Welch,  DePauw  University;  L.  Farquharson; 
R.  Starr. 

Science  Education:  Chairman,  Paul  Klinge,  Indiana  University;  R.  R. 
Armacost;  C.  W.  Dale;  R.  Schulz;  Max  Forsyth. 


SPRING  MEETING 
EXECUTIVE  COMMITTEE 

Dewart  Lake 
May  23,  1958 

The  meeting'  was  called  to  order  by  the  president,  Wm.  A.  Daily. 
Frank  Welcher  gave  no  formal  report  as  continued  from  the  last  fall 
meeting.  He  reported  approximately  50  per  cent  gain  in  net  amount 
collected  due  to  the  increase  in  dues.  He  reported  that  there  is  about 
$900  available  for  use  in  the  talent  search. 

Editor  Richard  Laubengayer  reported  that  the  Proceedings  were 
at  the  printers.  1,600  copies  are  being  printed  and  reprints  are  about 
the  same  as  last  year. 

Nelle  Coats,  librarian,  reported  that  the  library  has  received  favor- 
able publicity  particularly  through  various  displays  at  the  state  library 
during  National  Library  Week.  The  location  has  been  cited  in  a  new 
and  widely  distributed  pamphlet. 

Press  Secretary  Frank  Young  reported  that  the  Spring  Meeting 
had  been  publicized  and  that  he  was  making  plans  for  the  fall  meeting. 

Program  Chairman  Sister  Marie  Bernard  reported  that  plans  were 
coming  along  for  the  meeting  in  the  fall. 

A  discussion  was  held  concerning  research  grants.  A  letter  from 
Professor  Salter  of  Wabash  College  stating  that  he  would  not  be  able 
to  serve  as  chairman  of  the  Physics  Division  due  to  absence  from  the 
country  was  read,  and  his  resignation  was  accepted.  Dr.  Bessey  of 
Butler  University  was  appointed  by  the  Executive  Committee  as  chair- 
man of  the  Physics  Division.  At  the  suggestion  of  Mr.  Daily,  Mrs.  Lois 
Burton,  assistant  to*  Miss  Coats  at  the  library,  was  elected  to  the  Acad- 
emy as  an  honorary  member.  This  was  done  in  recognition  of  the  many 
favors  and  services  that  Mrs.  Burton  has  provided  for  the  Academy. 
Mr.  Hart  moved  and  Mr.  Girton  seconded  a  motion  that  a  Soils  Science 
Division  be  created.  This  motion  was  unanimously  passed,  and  this 
division  will  appear  at  the  fall  meeting.  Mr.  Kent  reported  on  member- 
ship and  made  some  pertinent  remarks  about  publicizing  membership 
in  the  Academy.  Mr.  Michaud  reported  that  a  representative  of  the 
chain  store  council  had  been  in  contact  with  him  regarding  rewards  to 
high  schools  for  outstanding  science  activities  such  as  are  given  by  the 
Kroger  Company  of  Ohio. 

Harry  E.  Crull,  Secretary 


DINNER  MEETING 

Dewart  Lake 
May  23,  1958 

Words  of  welcome  to  members  were  given  by  W.  A.  Daily  and  a 
welcome  to  Dewart  Lake  was  given  by  M.  S.  Markle.  Dr.  Garner  reported 
on  the  Marine  Biological  Laboratory  at  Earlham  College.  The  officers 
were  introduced  and  a  report  of  the  Executive  Committee  was  given 
including  the  honorary  membership  of  Mrs.  Burton  and  the  addition  of 
the  Soils  Science  Division.  A  motion  was  made,  seconded,  and  passed 
to  accept  the  action  of  the  Executive  Committee.  Mr.  Kent  of  the  mem- 
bership committee  reported  that  nine  people  had  been  accepted  to 
membership  in  the  Academy.  The  resolutions  committee  presented  the 
attached  resolution  which  was  unanimously  adopted. 

Sherman  A.  Minton,  Jr.,  of  Indiana  University  Medical  Center  pre- 
sented films  on  "Wanderings  of  a  Naturalist  in  Texas  and  Central 
America";  and  Robert  H.  Cooper  of  Ball  State  Teachers  College  spoke 
on  "Higher  Science  in  the  Northwest." 

Field  trips  were  announced,  and  the  meeting  was  adjourned. 

Harry  E.  Crull,  Secretary 

MINUTES  OF  THE  EXECUTIVE  COMMITTEE 

November  6,  1958 
Marian  College,  Indianapolis,  Indiana 

The  Executive  Committee  of  the  Indiana  Academy  of  Science  was 
called  to  order  by  President  William  Daily  at  7:30  p.m.  Central  Daylight 
Time  in  Room  207  Administration  Building,  Marian  College,  Indianapolis, 
Indiana.  The  minutes  of  the  spring  meeting  at  Dewart  Lake  were  read 
and  approved. 

Reports  of  officers  and  chairmen  of  committees: 

Editor.  Richard  A.  Laubengayer:  There  were  ordered  1,200  cloth 
bound  copies  and  400  paper  bound  copies  of  Volume  67  of  the  Proceed- 
ings. The  overprint  was  ten  copies  of  each.  Included  in  the  volume 
this  year  is  the  complete  membership  list.  Copies  were  in  the  mail  to 
the  members  by  early  August.  There  were  thirty-five  papers  reprinted. 
After  the  bills  had  been  sent  out — the  estimates  were  supplied  by  the 
Bookwalter  Company — it  was  brought  to  the  editor's  attention  that 
one  item  had  not  been  included,  viz.  the  composition  cost  for  the 
reprints.  This  composition  cost  for  all  of  the  reprints — 183  pages — @ 
$1.59  per  page,  totaled  $290.97.  At  the  time  this  information  came  to 
the  editor's  attention,  it  was  impossible  for  him  to  correct  the  billings 
to  each  author.  The  editor  requests  that  this  cost  be  defrayed  by  the 
Academy.  (It  was  moved,  seconded  and  passed  that  this  cost  be  defrayed 
by  the  Academy.) 
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After  the  report  of  the   editor  there  was  a  discussion  of  the  cost 
of  reprints  from   the   Proceedings.    It  was  voted   that  a   committee  be 
appointed  by  the  president  to  investigate  and  report  on  this  matter. 
Secretary,  Harry  E.  Crull: 

Income  Cash  Statement 

October  1,  1957  Beginning  Balance $      584.51 

October  1,  1957  to  September  30,   1958 

Total  Receipts    401.63 

October  1,  1957  to   September  30,   1958 

Bank  Fees   $  20.08 

Interest    1.16 

September  30,  1958  Balance $      964.90 

Total  Carrying  Value  Stocks  and  Bonds  $14,354.02 

Principal  Cash  Statement 

October  1,  1957  Beginning  Balance  ....  00 

October  1,  1957  to   September  30,   1958 

Total  Receipts,  USA  Ser.  G  Bonds.  .  .  $      500.00 

October  1,  1957  to  September  30,  1958      $493.66 

Total  Disbursements 

BOT  500  Par  at  982V32  and  purchase 

expense  USA  Treas.  Bonds,  Noncallable 
September  30,  1958  Balance $  6.34 

Press  Secretary — F.  N.  Young:  Announcements  of  the  spring  and 
fall  meetings  were  sent  to  several  newspapers  and  to  the  Associated 
Press  and  United  Press  International.  Several  special  releases  on  indi- 
vidual papers  were  also  prepared  and  sent  to  newspapers  or  the  press 
services.  Arrangements  were  made  with  Mr.  Bruce  Cox  of  WLW-I-TV 
to  present  a  special  program  concerning  the  Academy.  Special  thanks 
are  due  Miss  Nelle  Coats  of  the  State  Library  and  Mr.  Hugh  Hazelrigg 
of  the  Indiana  News  Bureau  for  their  help  and  advice. 

There  followed  discussion  concerning  a  popularized  abstract  for 
newspaper  use.  There  was  a  suggestion  that  an  outline  be  printed  on 
the  back  of  the  call  for  papers,  but  no  action  was  taken. 

Research  Grants — T.  G.  Yuncker:  Two  grants  were  made  during  the 
year.  Dr.  W.  H.  Welch  was  granted  $100  for  library  expenses  in  con- 
nection with  her  continuing  work  on  the  moss  family  Hookeriaceae. 
Dr.  C.  L.  Bieber  was  granted  $100  to  aid  in  covering  field  expenses  in 
his  problem  on  "The  Breccias  of  Northwest  Putnam  County,  Indiana." 
The  committee  has  in  hand  at  the  present  time  two  applications  for 
grants  of  $100  each  to  be  acted  upon  at  this  meeting.  The  amount  of 
money  available  is  relatively  small  and  it  is  recommended  that  requests 
be  restricted  in  their  size  so  as  to  benefit  the  greatest  number  of 
applicants  possible. 

Nominating  Committee — by  W.  H.  Johnson  for  S.  S.  Visher:  A.  A. 
Lindsey  was  nominated  for  the  Research  Grants  Committee  and  Scott 
McCoy  and  F.  J.  Welcher  were  nominated  for  the  Bonding  of  Trustees 
Committee. 
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Fellows  Committee — Mrs.  Fay  Daily:  The  following  members  were 
recommended  for  fellows  in  the  A.A.A.S.:  Dr.  Herbert  C.  Brown,  Purdue 
University,  Chemistry;  Prof.  Edward  Lauth  Haenisch,  Wabash  College.. 
Chemistry.  The  following  members  were  nominated  for  fellows  in  the 
Indiana  Academy  of  Science:  Dr.  Goethe  Link,  Indianapolis,  Indiana, 
Surgeon;  Dr.  Herbert  Charles  Brown,  Purdue  University,  Chemistry; 
Prof.  Felix  Haurowitz,  Indiana  University,  Biochemistry  and  Microbi- 
ology; Dr.  Donald  J.  Cook,  DePauw  University,  Biochemistry;  and  Dr. 
Richard  Starr,  Indiana  University,  Phycology    (Botany). 


Biological  Survey  Committee — Carroll  Markle: 
Publications  of  1957-1958  Dealing  With  the  Flora  and  Fauna  of  Indiana 


Bryophyta 


Platyh  elm  i  nt  lies 


Insecta 


Vascular   Plants 


Mammalia 


Welch,  Winona  H.  1957.  Mosses  of  Indiana.  Division 
of  Forestry.  Indiana  State  Department  of  Conserva- 
tion.   478  pp.,  254  figs. 

Williams,  Eliot  C,  Jr.  1958.  Preliminary  Studies  on 
Pigmentation  in  Cave  Planarians.  Proceedings  of 
the  Indiana  Academy  of  Science  67:300-301.  (Ab- 
stract) 

Krekeler,  Carl  H.  1958.  Speciation  in  Cave  Beetles 
of  the  Genus  Pseudonophthalmus  (Coleoptera,  Car- 
abidae).    American  Midland  Nat.  59:167-189. 

Siverly,  P..  E.  1958.  Occurrence  of  Culiseta  melanura 
(Coquillett)  in  Indiana.  Proceedings  of  the  Indiana 
Academy  of  Science  67:137.      (Abstract) 

Stahl,  John  B.  1958.  The  developmental  history  of  the 
chironomid  and  Chaeborus  faunas  of  Myers  Lake, 
and  the  relationship  of  these  faunas  to  microlaminae 
in  the  sediments.  Ph.D.  Thesis,  Indiana  University. 
142  pp. 

Markle,  Carrolle  A.  1958.  Contributions  to  the  Flora  of 
Wayne  County,  III.  Proceedings  of  the  Indiana 
Academy  of  Science  67:290-291. 

Cope,  James  B.,  Russell  E.  Mumford  and  Nixon  Wilson. 
1958.  Some  Observations  on  a  Summer  Colony  of 
Myotis  lucifugus.  Proceedings  of  the  Indiana  Acad- 
emy of  Science  67:316-321. 


Work   in  Progress   or   Completed  in   1957-1958   but  Not   Yet  Published. 


Algae 


Bryophyta 
Vascular  Plants 


Daily,   Fay  Kenoyer.    Some  Observation  on   the  Occur- 
rence and  Distribution  of  the  Characeae  of  Indiana. 

Daily,  William  A.    In  Search  of  Some  Blue-Green  Wan- 
derers. 

Webster,  Rex  N.    Work  on  Batrachospermum. 
Work  on  Euglena  viridis  life  cycle. 

Welch,  Winona  H.    Additions  to  Mosses  of  Indiana 
Hookeria  acutifolia  in  Indiana 

Clewell,  Andre.    A  Study  of  the  genus  Lespedeza 

Hall,  M.  T.    Variation  in  Hudsonia 
Variation  in  Juniperus 
Variation  in  Maianthemum 
Studies  in  hybridization  in  Tragopogon 
Polulation  studies  in  Podophyllum  peltatum 

Heiser,  Charles  B.    Indiana  Distribution  Records 
Monograph  of  the  genus  Helianthus 

Humbles,  Jack.    Variation  in  Indiana  Desmodiums 
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Annelida 


Crustacea 


Insecta 


Amphibia 


Reptilia 


5.  Laubengayer,    Richard    A.     Inventory    of    Plants    in    the 

Allee  Memorial  Woods  along  Sugar  Creek 

6.  Markle,  Carrolle  A.    Flora  of  Wayne  County,  continued 

7.  Rector,  Mrs.  Marion.    Vascular  plants  in  the  vicinity  of 

Muncie,  Indiana 

8.  Stares,  Mrs.  Helene.    General  collection  and  county  rec- 

ords of  Vascular  Plants.  Special  attention  to  grasses 
and  sedges. 

1.  Goodnight,   Clarence  J.    Continued   work   on   the  opilio- 

nids  and  oligochaetes. 

2.  Joyner,  James.    Earthworms  of  Wayne  County,  Indiana 

1.  Everly,    William    R.    Littoral    and    temporary    pond    en- 

domostraca,  chiefly  in  Wabash  and  Kosciusko  Coun- 
ties 

2.  Frey,  D.  G.    Distribution   of  the  Chydorid  Cladocera  in 

the  lakes  of  Indiana  as  determined  from  remains  in 
sediments. 

3.  Hickmon,    C.     P.      Eubranchipus,    Ecological    Relation- 

ships 

1.  Craig,     George     B.,     Jr.      Mosquitoes     of     the     Michigan 

region 

2.  Krekeler,  Carl  H.    Work  on  speciation  of  Indiana  Cave 

Beetles,  continued 

3.  Siverly,    R.    E.     Taxonomical    and    biological    studies    of 

the  mosquito   fauna  of  Delaware  County,   Indiana 

1.  Gordon,    Robert    E.     Taxonomy   and    ecology    of   Amby- 

stoma  texanum.  Locomotive  activity  of  amphibia 
and  reptilia  in  relation  to  various  environmental 
factors. 

2.  List,    J.    C.     Marking    and    life    history    study    of    Pseu- 

doacris  nigrita    (swamp  tree  frog) 

1.  List,    J.    C.     Anatomical    Study   of    Carphophis   amoenus 

(worm  snake) 

2.  Williams,    Eliot    C,    Jr.     Studies    on    population    of    box 

turtles,  Terrapene  corolina  (L. )  in  the  Allee  Me- 
morial Woods  Preserve. 


Mammalia 


Animals  in  general 


Cope,  James  B.    Further  study  of  bats  in  Indiana 
Mumford,  Russell  E.    Mammals  of  Indiana. 

Laubengayer,  Richard  A.  Survey  of  Animal  Groups  in 
the  Allee  Memorial  Woods  along  Sugar  Creek,  In- 
diana 


Treasurer — Frank  J.  Welcher:     Financial  report  for  the  year  1958: 

Receipts 

Balance  on  hand  January   1,   1958 $  9,409.93 

Dues  and  Initiation  Fees    3,434.50 

Publications  sold    103.05 

Authors    reprints   Vol.    64 20. G2 

Authors    reprints   Vol.    65 88.12 

Authors    reprints    Vol.    66 502.74 

Authors    reprints   Vol.    67 320.97 

Designated    gifts    50.00 

Talent   Search    1,492.50 

$15,482.23 


14  Indiana  Academy  of  Science 

Disbursenients 

Editor  Vol.   67    $  225.00 

Expenses  of  Secretary    160.05 

Expenses  of  Treasurer 177.04 

Stationery     215.60 

Talent  Search    1,358.03 

Program  Committee    300.75 

Research    Grants     522.67 

Mailing  Proceedings  Vol.   67    54.55 

Returned   Checks    13. 2u 

Error  in  Deposit    2.00 

Expenses    of    6    Officers    as    Directed    by   Action    of    1947 

Executive  Committee    125.00 

Academy   Conference    24.00 

Reprints  Vol.  67    665.03 

John  Shepard  Wright  Memorial  Library   1,461.63 

Junior  Academy  of  Science 14.24 

Publishing   Proceedings,   Vol.   67    209.15 

Binding  Academy  Library    699.50 

Academy   Conference    29.35 

A.   A.   A.   S 8.50 

$    6,241.25 
Balance   on   hand   December   31,    1958 $   9,240.94 

The  balance  on  hand  December  31,  1958  includes  $4,299.41  in  the  John 
Shepard  Wright  Memorial  Library  fund,  and  $1,878.84  in  the  Talent  Search 
fund. 

(Signed)   Frank  J.  Welcher,  Treasurer. 
(Signed)    W.   P.   Morgan,  Auditor 

Library  Committee — Nelle  Coats:  Chief  effort  has  been  upon  com- 
pleting files  of  serials  currently  received  as  contemplated  by  the  Lilly 
Endowment  in  its  grant  to  the  Academy.  This  required  a  great  deal 
of  checking  and  listing,  involving  comparison  to  avoid  duplication  of 
materials  in  other  Indiana  libraries,  to  purchase  first  those  titles  not 
readily  available  elsewhere.  Often  such  widely  scattered  numbers  were 
required  that  dealers  were  loath  to  search  for  them.  Eventually  Kraus 
Periodicals,  Inc.,  New  York  City,  was  able  to  supply  missing  numbers 
or  volumes  for  something  like  fifty  titles  at  a  cost  approximating  $1,400. 
Two  hundred  one  volumes  have  been  prepared  for  binding  at  an  estimated 
cost  of  $898.95.  The  library  is  currently  receiving  983  titles  from  the 
United  States  and  75  foreign  areas.  Publication  date  of  the  Proceedings 
volume  67  was  July  23,  1958.  Labor  and  envelopes  for  mailing  to  members 
were  as  usual  supplied  compliments  the  Indiana  State  Library.  Publicity 
has  been  given  the  library  continuously  by  exhibits  in  the  street  floor  lob- 
by of  the  State  Library  and  on  specific  occasions  such  as  the  meeting  of 
the  Junior  Scientists  Assembly,  Claypool  Hotel  in  March,  State  Library's 
celebration  of  National  Library  Week,  particularly  on  a  day  given  over 
to  visits  from  state  officials,  including  the  Governor.  By  such  means 
the  Library's  usefulness  increases  and  becomes  more  apparent  to  Indiana 
people.  Loans  have  been  made  out  of  state  to  such  agencies  as  U.  S. 
Navy  Underwater  Sound  Laboratory,  Fort  Trumbull,  New  London;  Michi- 
gan State  University,  Lansing,  Michigan;  Mountain  Lake  Biological  Sta- 
tion, Pembroke,  Pennsylvania;  Duke  University,  Durham,  North  Carolina; 
State  College  of  Washington,  Pullman,  Washington. 
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Invitations  Committee — M.  T.  Hall:  The  President  and  Board  oi 
Butler  University  have  invited  the  Academy  to  hold  its  75th  meeting 
next  fall  on  the  campus  of  Butler  University  in  Indianapolis.  The  report 
was  accepted.  Manchester  College  invited  the  Academy  for  1960  or 
later  and  the  Indiana  State  Teachers  College  has  extended  an  invitation 
for  1961. 

Membership  Committee — Robert  L.  Kent:  Twelve  colleges  where 
there  is  no  representative  of  the  membership  committee  were  contacted. 
Each  was  asked  to  distribute  applications  to  the  science  faculty  and 
encourage  students  to  apply  for  membership.  Total  applications  for 
membership  received  to  date  are  42.  There  was  discussion  of  the  mem- 
bership application  form  and  it  was  voted  that  the  secretary  and 
treasurer  be  instructed  to  work  on  a  revision  of  the  present  form  to 
take  care  of  the  new  memberships  for  both  husband  and  wife  and  for 
sustaining  members. 

Program  Committee — Sister  Marie  Bernard:  The  program  committee 
held  no  formal  meetings.  Business  with  members  of  the  committee  not 
living  on  the  campus  was  transacted  by  mail  or  telephone.  The  spring 
meeting-  was  arranged  almost  entirely  by  the  members  away  from  the 
Marian  College  campus.  The  fall  meeting  was  arranged  for  mainly  by 
the  members  of  the  committee  at  the  College.  Dr.  Markle  of  Earlham 
College  did  a  splendid  task  in  making  all  detailed  arrangements  for 
the  spring-  meeting  at  Dewart  Lake.  The  chairman  of  the  program 
committee  takes  this  opportunity  to  thank  all  divisional  chairmen  for 
their  cooperation  in  preparing  the  program. 

Junior  Academy  Committee — H.  H.  Michaud:  The  twenty-fifth  an- 
nual meeting  of  the  Indiana  Junior  Academy  of  Science  was  held  Satur- 
day, October  19,  1957,  at  DePauw  University.  The  morning  program 
consisted  of  career  conferences  and  visits  to  the  instructional  and  re- 
search laboratories  of  the  campus  conducted  by  members  of  the  science 
faculty  of  DePauw  University.  A  special  exhibit  room  was  provided 
for  club  members  to  display  projects  and  demonstrations  that  could 
be  viewed  during  the  day's  program.  Twelve  papers  were  read  by 
students  during  the  afternoon  session.  Five  new  clubs  have  joined  the 
Junior  Academy  since  last  year.  The  twenty-sixth  annual  meeting  of 
the  Junior  Academy  will  convene  this  Saturday,  November  8.  Seventeen 
papers  will  be  read  by  members  of  the  Junior  Academy.  This  represents 
the  best  response  to  our  call  for  papers  that  we  have  had  for  several 
years.  An  award  of  $25  will  be  given  by  the  American  Society  of 
Bacteriologists  to  the  student  presenting  the  best  paper  on  bacteriology 
or  microbiology.  The  Kroger  Grocery  Company  will  present  a  top 
award  of  $50  and  a  plaque  and  two  runner-up  awards  of  $25  each 
and  plaques  based  on  questionnaires  sent  to  all  schools  affiliated  with 
the  Junior  Academy  and  others  who  requested  them.  Another  prospect 
that  holds  considerable  promise  to  stimulate  science  education  and  science 
club  activity  among-  high  schools  is  a  possible  grant  from  the  National 
Science  Foundation.  We  have  suggested  that  if  travel  funds  could  be 
made   available   to   college   science   teachers   to   meet   occasionally  with 
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high  school  clubs,  it  would  do  a  great  deal  to  stimulate  interest  in 
science.  An  annual  grant  of  $1,000  to  $1,500  was  proposed  as  needed 
for  such  a  project.  In  a  letter  from  Dr.  John  A.  Yarbrough,  President 
of  the  Academy  Conference,  dated  October  31,  it  is  indicated  that  our 
proposal  stands  a  good  chance  of  acceptance.  We  are  continuing  our 
cooperation  with  the  Regional  Science  Fairs,  the  Science  Talent  Search 
and  with  Science  Clubs  of  America.  The  fall  issue  of  the  Junior  Academy 
Journal  in  cooperation  with  the  Junior  Academy  Council  has  been 
promised  for  distribution  on  Saturday.  The  annual  News-Letter  was 
prepared  by  the  Junior  Academy  officers  last  spring  and  distributed  to 
the  clubs.  (There  was  discussion  of  encouragement  of  college  under- 
graduate attendance  and  participation  in  the  Academy  and  general 
agreement  of  the  importance  and  desirability  of  this  move.) 

Science  Talent  Search — R.  W.  Schultz:  One  hundred  forty-two  In- 
diana high  school  seniors  completed  entry  requirements  for  the  1957-58 
Science  Talent  Search.  Of  this  group,  25  were  designated  finalists  on 
the  basis  of  their  written  reports,  aptitude  test  scores,  and  school  records. 
The  finalists  and  their  sponsoring  teachers  were  invited  to  the  Junior 
Scientists'  Assembly  in  Indianapolis,  March  21-22,  1958.  On  the  basis 
of  a  personal  interview  with  the  Search  Committee,  16  of  the  finalists 
were  declared  winners  in  the  1958  Search  and  recognized  at  the  annual 
Honors  Luncheon  on  Saturday.  Of  the  papers  submitted  by  the  finalists, 
24%  were  related  to  the  biological  sciences,  16%  to  mathematics,  8% 
to  earth  science,  16%  to  chemistry,  and  36%  to  physics.  Ninety  of  the 
142  participating  students  responded  to  a  questionnaire  sent  them  in 
June.  Of  these,  85  indicated  they  had  enrolled  in  a  college,  67  in 
Indiana  schools  and  18  in  out-of-state  schools.  In  addition,  45  partici- 
pants reported  they  had  been  awarded  scholarships  with  stipends  totaling 
more  than  $60,000.  Twenty-nine  of  the  participants  anticipate  careers 
in  engineering,  27  in  physics  or  chemistry,  13  in  biological  sciences  or 
medicine,  9  in  mathematics,  and  12  in  other  fields.  Total  contributions 
in  support  of  the  1958  program  were  $1,492.50.  The  total  expenditures 
were  $1,358.03.  The  contributions  were  made  by  Kappa  Kappa  Kappa, 
Inc.;  Allison  Division,  CMC;  Amos-Thompson  Corp.;  Duncan  Electric 
Mfg.  Co.;  Foster-Forbes  Glass  Co.;  Indianapolis  Power  and  Light  Co.; 
LaPorte  Aircraft  Division,  Whirlpool-Seegar  Corp.;  Link-Belt  Co.; 
Nuclear  Measurements  Corp.;  Overhead  Door  Corp.;  and  Plastene  Corp. 
During  the  past  year  a  study  was  made  of  the  present  occupations  of 
the  finalists  in  the  first  three  Indiana  Searches,  1948-1950.  Responses 
were  made  by  about  70 %  of  this  group  indicating  that  98%  have  earned 
at  least  one  college  degree  and  41%;  have  completed  doctoral  work. 
The  Junior  Scientists'  Assembly  for  the  1958-59  school  year  will  be  held 
on  March  20-21,  1959. 

Science  Education  Committee — Paul  Klinge:  One  of  the  problems 
confronting  the  Committee  is  a  precise  outline  of  its  functions,  respon- 
sibilities, and  the  limit  of  recommendations  which  it  is  authorized  to 
make.  We  are  informed  that  our  role  with  the  Science  Fairs  in  Indiana 
is  simply  one  of  an  advisory  capacity.    It  is  our  belief  that  this  com- 
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mittee  is  in  no  way  connected  with  the  Indiana  Science  Talent  Search, 
a  very  important  program  in  science  education  in  this  state.  We  are 
interested  in  knowing  how  the  role  of  science  education  can  be  more 
definitely  emphasized  in  each  of  the  sections.  The  increase  in  the  number 
of  papers  presented  to  each  of  the  sections  on  educational  matters  is 
encouraging-  along  this  line. 

(It  was  voted  that  a  permanent  committee  be  appointed  by  the 
president  from  the  membership  common  to  the  Academy  and  the  Indiana 
School  and  College  Committee  on  Mathematics  to  sponsor  and  guide  the 
work  of  this  latter  committee  which  is  working  on  the  coordination  of 
high  school  and  college  mathematics  subject  matter.) 

It  was  announced  that  the  Soils  Science  section  would  hold  its 
Friday  sessions  in  room  207  instead  of  as  announced. 

The  Geology-Geography  section  called  attention  to  their  national 
meetings  on  the  first  weekend  of  November  annually  and  asked  that  this 
be  remembered  in  scheduling  future  Academy  meetings.  The  section 
also  was  granted  permission  to  elect  a  vice-chairman,  this  person  not 
to  be  on  the  executive  committee  or  to  appear  on  the  list  of  division 
chairmen. 

P.  D.  Edwards  reported  briefly  on  the  meeting  of  the  committee  on 
Teacher  Education  Professional  Standards  and  introduced  the  following 
resolution  which  was  adopted: 

Resolved:  That  the  Indiana  Committee  on  Teacher  Education  and 
Professional  Standards  (TEPS)  be  urged  to  call  a  state  meeting  to  follow 
up  the  National  Bowling  Green  TEPS  Conference  and  consider  problems 
of  teacher  training  and  certification  in  Indiana;  that  members  of  the 
Indiana  Academy  of  Science  be  invited  to  this  meeting  as  representatives 
of  subject  matter  fields. 

A  copy  of  the  above  resolution  is  to  be  sent  to  Howard  Batchelder, 
Assoc.  Dean,  School  of  Education,  Indiana  University. 

Mr.  Schultz  spoke  on  the  need  for  funds  to  conduct  the  Science 
Talent  Search,  since  the  Chambers  of  Commerce  have  withdrawn  their 
assistance  in  the  writing  of  letters  soliciting  funds.  After  discussion 
it  was  voted  that  Mr.  Schultz  be  authorized  to  solicit  support  for  the 
talent  search  as  the  official  representative  of  the  Academy. 

The  secretary  called  the  attention  of  all  division  chairmen  to  the 
regulation  that  their  successors  must  be  members  of  the  Academy.  The 
meeting  adjourned  at  10:45  p.m. 

Respectfully  submitted, 

Harry  E.  Crull,  Secretary 

Approved  November  7,  1958. 


MINUTES  OF  THE  GENERAL  SESSION 

Marian  College,  November  7,  1958 

The  meeting  was  opened  by  President  William  Daily.  The  Very 
Reverend  Francis  J.  Reine,  President  of  Marian  College,  welcomed  the 
Academy  to  the  campus.  Harry  E.  Crull,  Secretary,  read  the  minutes 
of  the  Executive  Committee  meeting,  and  they  were  approved  as  read. 
Dr.  W.  E.  Edington,  Necrologist  of  the  Academy  reported  the  deaths  of 
the  following  members  of  the  Academy  over  the  past  year:  Kenneth 
Victor  Bryan,  George  Henry  Alexander  Clowes,  Alvalon  Conway  Cox, 
Seth  Earl  Elliott,  Howard  Edwin  Enders,  Karl  Lark-Horovitz,  Edward 
Hulbert  Niles,  Herman  Rudolph  Reichenbach,  and  Kenneth  Powers 
Williams. 

Dr.  Walter  Edgell,  Molecular  Spectroscopist  of  Purdue  University, 
gave  the  address  on  "Reflections  on  the  Scientific  Method." 

The  meeting  was  then  adjourned  for  section  meetings  and  lunch. 

When  the  meeting  reassembled,  the  report  of  the  nominations 
committee  was  read  and  unanimously  accepted.  It  is  as  follows:  Officers: 
President,  R.  E.  Cleland,  Indiana  University;  Vice-President,  A.  T. 
Guard,  Purdue  University;  Secretary,  H.  E.  Crull,  Butler  University; 
Treasurer,  Donald  J.  Cook,  DePauw  University;  Editor,  R.  A.  Lauben- 
gayer,  Wabash  College;  Press  Secretary,  Frank  N.  Young,  Jr.,  Indiana 
University. 

New  member  and  chairman  of  the  Research  Grant  Committee 
is  A.  A.  Lindsey.  Those  reelected  and  newly  elected  to  the  Bonding 
of  Trustees  Committee  are  Scott  McCoy  and  F.  J.  Welcher. 

Divisional  Chairmen  were  selected  as  follows:  Anthropology,  George 
K.  Newman,  Indiana  University;  Bacteriology,  Walter  A.  Zygmunt,  Mead- 
Johnson  Research  Laboratory;  Botany,  Charles  Heiser,  Indiana  Uni- 
versity; Chemistry,  Frank  Welcher,  Indiana  University;  Entomology, 
John  Davis,  Purdue  University;  Geology  and  Geography,  R.  W.  Louns- 
bury,  Purdue  University;  History  of  Science,  Stephen  Visher,  Indiana 
University;  Mathematics,  G.  N.  Wollen,  Purdue  University;  Physics, 
Marshall  Dixon,  Butler  University;  Plant  Taxonomy,  Scott  McCoy, 
Technical  High  School,  Indianapolis;  Psychology,  Charles  Josey,  Butler 
University;  Soil  Science,  Carl  W.  Guernsey,  West  Lafayette,  Purdue 
University;  and  Zoology,  Forest  Fuller,  DePauw  University. 

It  was  voted  that  a  note  of  appreciation  be  sent  to  Dr.  and  Mrs. 
Frank  Welcher  for  their  fine  work  as  Treasurer. 

It  was  announced  that  the  Plant  Taxonomy  section  and  the  Junior 
Academy  would  meet  Saturday  morning,  November  8,  1958. 

William  Daily  gave  the  presidential  address  entitled  "In  Search  of 
Some  Blue-Green  Wanderers." 

The  meeting  was  then  adjourned. 

Respectfully  submitted, 

Harry  E.  Crull,  Secretary 
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NEW  MEMBERS 

Aczinowicz,  Michael,  R.  R.  1,  Box  62,  Corydon,  Ind.  Z 
Badger,  F.  Sidney,  209  Forrest  Dr.,  Kokomo,  Ind. 

Baily,  George  William,  129  S.  Grant  St.,  W.  Lafayette,  Ind.  SS 

Bass,  Prof.  T.  C,  325  Smiley,  W.  Lafayette,  Ind.  SS 

Batts,  Marion  Monroe,  R.  R.  2,  Jamestown,  Ind.  C 
Bertrand,  Dr.  Anson  R.,  Agronomy  Dept.,  Purdue  Univ., 

W.  Lafayette,  Ind.  SS 

Brown,  Mr.  Earle,  301  Caleb  St.,  Salem,  Ind.  Bo 

Burton,  Elmer  M.,  719  Sherman  St.,  Oakland  City,  Ind.  Z 

Cantin,  Adelord  Joseph,  708  S.  6th  St.,  Terre  Haute,  Ind.  G 
Clark,  Mr.  F.  Bryan,  1521  15th  St.,  Bedford,  Ind.                                   Bo,  SS 

Damm,  Dr.  Henry  C,  2328  Sycamore,  Terre  Haute,  Ind.  Z 

Danehy,  James  P.,  Box  31,  Notre  Dame,  Ind.  C 
Ferris,  Dr.  John  M.,  Dept.  of  Entomology,  Purdue  Univ., 

W.  Lafayette,  Ind.  E 
Galloway,  Harry  M.,  Room  3-417,  Life  Science  Bldg., 

Purdue  Univ.,  W.  Lafayette,  Ind.  SS 

Goba,  George  B.,  Indiana  Central  College,  Indianapolis  27,  Ind.  Z 
Golding,  Harry  Lawrence,  200  Olive  St.,  Apt.  No.  9,  Greencastle,  Ind.      C 

Gosselink,  Mrs.  Evelyn  M.,  Box  225,  Hartford  City,  Ind.  G 

Gosselink,  Mr.  John  G.,  Box  225,  Hartford  City,  Ind.  G 

Green,  Dr.  Ralph  J.,  605  Vine  St.,  W.  Lafayette,  Ind.  PT 

Guernsey,  Carl  W.,  921  Logan  St.,  Lafayette,  Ind.  G 
Harwood,  Daniel  L.,  C.  M.  R.  No.  8,  Crawfordsville,  Ind.                      A,  Z 

Hayden,  James  F.,  1053  N.  10th  St.,  Noblesville,  Ind.  Z 
Hennen,  Dr.  Joe  F.,  425  N.  5th  St.,  Terre  Haute,  Ind.                         Bo,  PT 

Henry,  Dr.  Robert  L.,  Wabash  College,  Crawfordsville,  Ind.  Ph 

Hess,  Elmer  B.,  Valparaiso  Univ.,  Valparaiso,  Ind.  G 

Hyten,  David  Lawrence,  117  N.  Green  St.,  Brownsburg,  Ind.  PT 

Ingraham,  Dr.  Joseph  S.,  2121  N.  Winfield,  Indianapolis,  Ind.  Ba 
Johns,  Dr.  Robert  M.,  Botany  Dept.,  Indiana  University, 

Bloomington,  Ind.  Bo 

Josey,  Dr.  Charles  C,  Butler  University,  Indianapolis,  Ind.  Ps 
Kallay,  Dr.  Ferencz  Paul,  Box  99,  Valparaiso  Univ.,  Valparaiso,  Ind.      G 

Kinsey,  Philip  Alan,  Evansville  College,  Evansville,  Ind.  C 

Kirch,  Dr.  Robert  Voss,  151  E.  Hampton  Dr.,  Indianapolis,  Ind.  G 

Levine,  Dr.  Alvin  S.,  5934  Grandview  Dr.,  Indianapolis,  Ind.  Ba 

Meisel,  Jay  Lewis,  104  E.  4th  St.,  New  York  3,  N.  Y.  G 

Messing,  Ralph  Allan,  Ethicon  Inc.,  Somerville,  N.  J.  C 
Miles,  Dr.  Edward  J.,  Geography  Dept.,  Valparaiso  Univ., 

Valparaiso,  Ind.  G 
Morrill,  John  Elliott,  Mathematics  Dept.,  DePauw  Univ., 

Greencastle,  Ind.  M 
Motley,  Miss  Jerry  Anne,  1726  N.  Alabama  St.,  Indianapolis,  Ind. 

Murphy,  Francis  L.,  155  E.  New  Albany,  Vincennes,  Ind.  Bo 
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Peri,  Mrs.  Barbara  M.,  901  E.  Chicago  St.,  Valparaiso,  Ind.  Ba 

Porter,  Dr.  Donald,  4105  S.  Wigger  St.,  Marion,  Ind.  M 

Powell,  G.  W.  H.,  Evansville  College,  Evansville,  Ind.  C 

Richardson,  Carolyn  L.,  R.  R.  3,  Petersburg,  Ind.  Z 
Russell,  Charles  E.,  5733  E.  New  York  St.,  Indianapolis,  Ind.                  E,  Z 

Schnakenberg,  G.  H.,  Box  618,  Indianapolis  6,  Ind.  C 

Shea,  Gerald  J.,  427  Third  Ave.,  Terre  Haute,  Ind.  G 

Shinkle,  Michael,  2112  Petty  Road,  Muncie,  Ind.  E 
Thomas,  Robert  Jay,  11  F.  O.  B.,  DePauw  University,  Greencastle,  Ind.  M 

Vincent,  Nat  H.,  131  First  Ave.,  Oakland  City,  Ind.  Z 

Weller,  Dr.  Lowell  E.,  2051  E.  Gum  St.,  Evansville,  Ind.  C 

Workin,  Martin  D.,  5924  Grandview,  Indianapolis,  Ind.  Ba 

Yates,  Marvin  L.,  521  N.  Fess  Ave.,  Bloomington,  Ind.  C 
Zimmerman,  Dr.  James  R.,  3701  Shelby,  Apt.  F-10,  Indianapolis,  Ind.  E 
Zygmunt,  Dr.  Walter  A.,  Research  Labs.,  Mead  Johnson  &  Co., 

Evansville,  Ind.  Ba 


CHANGE  OF  ADDRESS 

Demaree,  Delzie,  109  South  Ave.,  Hot  Springs,  Ark. 

Bundy,  Wayne  H.,  George  Kaolin  Co.,  433  N.  Broad  St.,  Elizabeth  3,  N.  J. 

Davis,  Dr.  Robert  E.,  Chemistry  Dept,,  Mass.  Inst.  Tech.,  Cambridge  39, 

Mass. 
Lefler,  Prof.  R.  W.,  115  W.  Stadium,  W.  Lafayette,  Ind. 
Edington,  Mr.  W.  E.,  703  E.  Franklin  St.,  Greencastle,  Ind. 
Alexander,  Mr.  Paul  Stephen,  Tunghai  University,  Taichung,  Taiwan 
Kaslow,  Mr.  Christian  E.,  414  Ballantine  Rd.,  Bloomington,  Ind. 
Reitz,  Dr.  Henry  C,  701  Sugar  Hill  Dr.,  W.  Lafayette,  Ind. 
Waldschmidt,  Mr.  Rudolph  Charles,  701  Chicago  Ave.,  Valparaiso,  Ind. 
Mumford,  Mr.  Russell  E.,  Dept.  of  Forestry  and  Conservation,  Purdue 

University,  W.  Lafayette,  Ind. 
Erd,  Mr.  Richard  C,  U.  S.  Geol.  Survey,  4  Homewood  PL,  Menlo  Park, 

Calif. 
Roth,  Mr.  Paul  L.,  R.  R.  1,  Manhattan,  Kansas. 
Inlow,  Mr.  Paul  M.,  2128  Winfield  Ave.,  Indianapolis,  Ind. 
Webb,  Miss  Laura  B.,  1010  Orchard  Lane,  Franklin,  Ind. 
Cartwright,  Mr.  William  B.,  Box  454,  W.  Lafayette,  Ind. 
Parker,  Dr.  Dorothy,  The  Rockefeller  Foundation,  49  W.  49th  St.,  New 

York  20,  N.  Y. 
McCormick,  Dr.  Jack,  The  American  Museum  of  Natural  History,  New 

York  24,  N.  Y. 
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Officers  of  the  Junior  Academy:  1.  to  r.  Terry  Myers,  Vice-President,  Leba- 
non High  School,  Lebanon;  Tom  Joyce,  President,  Central  Junior-Senior 
High    School,    South    Bend;    Judy    Francisco,    Secretary,    New    Castle    High 

School,  New  Castle. 

President:  Tom  Joyce,  Science  Club,  Central  Junior-Senior  High  School, 
South  Bend. 

Vice-President:  Terry  Myers,  Junior  Explorers  of  Science,  Lebanon 
High  School,  Lebanon. 

Secretary:  Judy  Francisco,  Science  Club,  New  Castle  High  School,  New 
Castle. 

Members  of  the  Council:  Jerry  Motley,  Indianapolis  (1954-1958)  ;  Mrs. 
Mary  Gough,  New  Castle  (1955-1959);  Ernest  Litweiler,  South  Bend 
(1956-1980);  Mrs.  Elizabeth  H.  Crider,  Indianapolis  (1957-1961); 
Robert  Weber,  Fort  Wayne  (1958-1962). 


PROGRAM  OF  THE  TWENTY-SIXTH  ANNUAL  MEETING 
November  8,  1958 

Assembly  Room,  Auditorium,   Marian  College,   Indianapolis,  Indiana. 
8:30-9:45  a.m.     Registration  in  Foyer  of  Auditorium  and  Placement  oi 
Exhibits,  Room  153,  Scotus  Hall. 
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9:45-10:00  a.m.     General  Assembly,  Auditorium. 

Welcome  to  Marian  College,  Sister  Mary  Olivia,  Dean  of  the  College. 

10:00-11:00  a.m.     Career    Conferences    in    Science   and    Mathematics    by 
faculty  representatives  of  Marian  College. 

11:00-12:00  noon.     Visits  to  Instructional  Facilities  and  Laboratories  of 
Marian  College. 

12:15-1:15  p.m.  Luncheon  at  the  Cafeteria. 

1:15-2:00  p.m.     Business  Meeting.    Election  of  Officers  and  Presentation 
of  the  Kroger  Awards,  Auditorium. 

2:00-4:15  p.m.     The  Assembly  Program,  Auditorium. 

Papers :  Tom  Joyce,  presiding. 

1.  Effect  of  Chemicals  on  Paramecia,  Alice  Quinlan  and  Elaine 
Merker,  Science  Club,  Reitz  Memorial  High  School,  Evansville. 

2.  Electrically  Driven,  Punched  Tape-Controlled  Robot,  John 
Winkelmann,  Adams  Walton  Club,  John  Adams  High  School, 
South  Bend. 

3.  Relation  of  Zone  Inhibition  to  Activity  of  Antibiotics  Patricia 
A.  Coleman,  Science  Club,  Washington  High  School,  Indianapolis. 

4.  Device  for  Automatic  Crystallization  of  Soluble  Salts,  Thomas 
E.  Joyce,  Science  Club,  Central  Junior-Senior  High  School, 
South  Bend. 

5.  Conditioning  of  Escherichia  coli  by  Ultra-Violet  Radiation, 
Carol  Tetzlaff,  Adams  Walton  Club,  John  Adams  High  School, 
South  Bend. 

6.  A  Study  of  Citellus  tridecemlineatus,  Fred  Kuemmerle,  Adams 
Walton  Club,  John  Adams  High  School,  South  Bend. 

7.  The  Effect  of  Temperature  and  Concentration  of  an  Acid  on 
E.M.F.,  Nicholas  J.  Kira  (illustrated),  Science  Club,  Washington 
High  School,  Indianapolis. 

8.  Applications  of  Kepler's  Laws,  John  Hirshfelder,  Albertus 
Magnus  Science  Club,  Central  Catholic  High  School,  Fort  Wayne. 

9.  Experiments  in  Crystal  Growth,  Joe  Strain,  Science  Club,  Howe 
High  School,  Indianapolis. 

10.  Principles  of  Servo-Mechanism,  Edward  Foster,  Albertus  Mag- 
nus Science  Club,  Central  Catholic  High  School,  Fort  Wayne. 

11.  A  Key  to  the  Identification  of  Some  United  States  Minerals  with 
Special  Emphasis  on  Their  Chemical  Properties,  William  Forgey, 

Biology  Club,  Lew  Wallace  High  School,  Gary. 

12.  The  Effect  of  Light  and  Color  on  Photosynthesis,  Terence 
Hooten,  Aquinas  Science  Club,  Washington  Catholic  High  School, 
Washington. 

13.  Transmission  of  Sound  Through  Earth  Materials,  Donald  Soder- 
berg,  Science  Club,  Central  Junior-Senior  High  School,  South 
Bend. 
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14.  Control  of  Stream  Pollution,  Judith  Bateman  and  Diana  Matting- 
ly,  Aquinas  Science  Club,  Washington  Catholic  High  School, 
Washington. 

15.  The  Effect  of  Various  Compounds  on  the  Multiplication  Rate  of 
Escherichia  coli,  David  McMullen,  Junior  Academy  of  Science 
Club,  University  High  School,  Bloomington. 

16.  Effectiveness  of  Metals  on  Inhibitory  Action  of  Kanamycin, 
Judith  I.  Brooks,  National  Scientific  Honor  Society,  Bloomington 
High  School,  Bloomington. 

MINUTES 

The  twenty-sixth  annual  meeting  of  the  Indiana  Junior  Academy 
of  Science  was  held  Saturday,  November  8,  1958,  in  the  Auditorium  of 
Marian  College,  Indianapolis,  Indiana. 

Fifteen  exhibits  of  science  projects  by  high  school  students  were 
displayed  in  room  153,  Scotus  Hall.  The  exhibits  included  the  following: 
The.  Effect  of  Light  and  Color  on  Photosynthesis;  Relation  of  Zone 
Inhibition  to  Certain  Antibiotics;  A  Key  for  the  Identification  of  Some 
Twenty-five  Minerals  With  Special  Emphasis  on  their  Chemical  Proper- 
ties; Punched  Taped-Controlled  Robot;  Demonstration  of  Luminescence; 
Causes,  Effects  and  Control  of  Pollution;  The  Transmission  of  Sound 
Through  Earth  Materials;  A  Device  for  the  Automatic  Crystallization 
of  Soluble  Salts;  Allen  County  Insects;  Drosophila — Key  to  Irradiation 
Effects;  The  Effects  of  Temperature  and  Concentration  of  an  Electrolyte 
on  the  Amperage  and  Voltage;  Jacob's  Ladder;  Stem  Structure;  Double 
Acting  Steam  Engine  and  A.C.  Generator;  and  The  Effect  of  Chemicals 
on  Paramecia. 

Career  conferences  in  science  and  mathematics  were  held  at  10:00 
a.m.  by  members  of  the  faculty  of  Marian  College.  The  science  areas 
from  which  students  could  choose  included  bacteriology,  botany,  chem- 
istry, geography,  geology,  mathematics,  physics,  psychology,  and  zoology. 
The  contributions  by  the  Marian  College  staff  were  greately  appreciated 
by  the  members  of  the  Junior  Academy.  Faculty  members  who  pre- 
sented the  career  conferences  also  conducted  tours  through  the  instruc- 
tional facilities  and  science  laboratories  of  the  college. 

The  annual  business  meeting  was  called  to  order  at  1:15  p.m.  in 
the  Auditorium  by  the  president,  Tom  Joyce  of  Central  Junior-Senior 
High  School,  South  Bend.  The  roll  of  Junior  Academy  of  Science  Clubs 
was  called  by  the  Secretary,  Judy  Francisco,  New  Castle  High  School, 
and  new  clubs  for  1958  were  welcomed  as  members  of  the  Junior 
Academy. 

It  was  announced  that  five  new  clubs  were  added  in  1958  which 
included  the  Science  Club,  Reitz  Memorial  High  School,  Evansville; 
the  Bi-Phi-Chem  Club,  LaPorte  High  School,  LaPorte;  the  Sigma  Tau 
Science  Club,  Saint  Rose  Academy,  Vincennes;  the  Sigma  Mu  Science 
Club,  Franklin  Township  High  School,  Wanamaker;  and  the  Aquinas 
Science  Club,  Washington  Catholic  High  School,  Washington. 

Mr.  Harry  McDaniel,  Indianapolis  Kroger  Division,  was  introduced 
next  to  present  the  first  annual  Kroger  awards.    Mr.  McDaniel  gave  an 
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excellent,  brief  explanation  of  Kroger's  interest  in  high  school  science 
programs.  A  top  award  of  fifty  dollars  and  a  plaque  were  presented  to 
Shortridge  High  School,  Indianapolis.  Two  runner-up  awards  of  twenty- 
five  dollars  and  a  plaque  were  presented  to  both  the  University  High 
School,  Bloomington  and  to  the  Thomas  Carr  Howe  High  School,  Indi- 
anapolis. The  Kroger  awards  were  given  to  the  three  high  schools  that 
showed  evidence  of  the  best  science  programs  based  on  questionnnaires 
prepared  by  the  Junior  Academy  Council. 

The  next  item  of  the  business  meeting  was  the  election  of  officers. 
The  list  of  nominees  was  submitted  by  the  Council  from  names  received 
from  club  sponsors  and  nominations  were  accepted  also  from  the  floor. 
The  officers  for  1959  were  elected  as  follows:  president,  William  Schall, 
Central  Junior-Senior  High  School,  South  Bend;  vice-president,  Sheldon 
McCullum,  Our  Lady  of  Providence  High  School,  Clarksville;  secretary, 
Nancy  Davis,  Shawe  Memorial  High  School,  Madison. 

Miss  Jerry  Motley,  reporting  for  the  Council,  announced  that  Sister 
Mary  Blanche,  sponsor  of  the  Aquinas  Science  Club,  Washington  Catholic 
High  School,  Washington,  was  named  as  the  new  Council  member  to 
replace  Miss  Motley  whose  term  expired. 

Miss  Judith  I.  Brooks,  National  Scientific  Honor  Society,  Blooming- 
ton  High  School,  was  given  a  special  award  of  twenty-five  dollars  for 
the  best  paper  on  bacteriology.  The  title  of  her  winning  paper  was  'The 
Effectiveness  of  Metals  on  Inhibitory  Action  of  Kanamycin."  The  annual 
award  was  presented  by  Dr.  Robert  Fletcher,  DePauw  University,  on 
behalf  of  the  American  Society  of  Bacteriologists. 

Awards  for  the  "best  boy"  and  "best  girl"  in  science  were  received 
by  Tom  Joyce,  Central  Junior-Senior  High  School,  South  Bend,  and 
Hazel  Cuffey,  University  High  School,  Bloomington,  respectively.  A 
certificate  of  merit  was  presented  to  each  together  with  a  year's  mem- 
bership in  the  American  Association  for  the  Advancement  of  Science. 

Professor  H.  H.  Michaud,  State  Sponsor,  Purdue  University,  ex- 
pressed appreciation  on  behalf  of  the  Junior  Academy  of  Science  for 
the  excellent  cooperation  of  Marian  College  in  providing  facilities  for 
the  annual  meeting.  Also,  he  stated  that  Sister  Marie  Bernard  deserved 
special  mention  for  her  efforts  in  helping  to  make  the  1958  meeting  a 
success.  Professor  Michaud  announced  that  the  1959  annual  meeting 
will  be  held  at  Butler  University,  Indianapolis. 

Miss  Jerry  Motley,  retiring  Council  member,  was  commended  for 
her  splendid  contribution  to  the  Junior  Academy  of  Science  in  preparing 
the  issues  of  the  Junior  Academy  Journal. 

Alice  Quinlan  and  Elaine  Merker,  Reitz  Memorial  High  School, 
Evansville,  opened  the  afternoon  program  of  papers  with  a  talk  on 
"The  Effect  of  Chemicals  on  Paramecia."  The  purpose  of  the  project 
was  to  find  what  effect  different  germicides  had  on  paramecia.  Germi- 
cides used  were  nitric  acid,  mercuric  chloride  and  copper  sulfate.  Only 
copper  sulfate  and  mercuric  chloride  proved  effective. 

"Electrically  Driven,  Punched  Tape-Controlled  Robot"  was  the  title 
of  a  paper  given  by  John  Winkelmann,  John  Adams  High  School,  South 
Bend.  It  was  explained  that  robots  are  being  used  more  and  more  in 
industry.     Tape   control    allows   robots   to   work   without   remote   control 
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and  without  the  guidance  of  man.  The  tape  is  punched  according  to 
what  the  robot  can  and  is  supposed  to  do.  The  robots  have  an  electric 
brain  which  interprets  the  impulses  from  the  tape  and  thus  operates  the 
robot. 

Patricia  A.  Coleman,  Washington  High  School,  Indianapolis,  pre- 
sented a  paper  on  "The  Relation  of  Zone  Inhibition  to  Activity  of  Anti- 
biotics." The  antibiotic  spectrum  of  both  Bacillus  Subtilis  and  Escherichia 
coli  were  observed  with  the  use  of  the  antibiotics  of  the  myacin  family. 
All  proved  successful  in  stopping  the  growth  of  the  bacteria  studied. 
However,  as  the  antibiotic  became  older  they  became  less  effective  which 
was  probably  due  to  degeneration  of  the  antibiotic. 

"A  Device  for  Automatic  Crystallization  of  Soluble  Salts"  was  the 
topic  discussed  by  Thomas  E.  Joyce,  Central  Junior-Senior  High  School, 
South  Bend.  Tom  explained  that  the  object  of  the  project  was  to  build 
a  device  by  which  the  conditions  for  growing  crystals  could  be  con- 
trolled. The  apparatus  built  was  controlled  by  a  mercury  switch, 
connected  with  solenoid,  which  could  make  or  break  the  electrical  con- 
nection with  the  heating  element  when  the  temperature  changed. 

"A  Study  of  Citellus  tridecemlineatus"  was  presented  by  Fred  Kuem- 
merle,  John  Adams  High  School,  South  Bend.  Fred  explained  that  this 
species  of  mammal  was  commonly  known  as  a  ground  squirrel.  The 
mode  of  living  and  other  features  of  the  rodent  were  described.  One 
interesting  feature  mentioned  was  that  during  hibernation  the  body 
temperature  may  get  as  low  as  3  degrees  Centigrade. 

The  next  paper  on  "The  Effect  of  Temperature  and  Concentration 
on  an  Acid  on  E.M.F."  was  given  by  Nicholas  J.  Kira,  Washington 
High  School,  Indianapolis.  Nicholas  said  that  electromotive  force  is  the 
resistance  of  materials  to  the  current  of  electricity  through  it.  A  chart 
was  used  to  show  the  effect  of  the  temperature  and  the  concentration 
of  the  acid,  This  indicated  that  resistance  went  down  while  the  voltage 
did  not  appear  to  vary  much  when  the  concentration  and  temperature 
were  increased. 

John  Hirshfelder,  Central  Catholic  High  School,  Fort  Wayne,  spoke 
on  the  topic,  "Applications  of  Kepler's  Laws."  The  mathematical  equa- 
tions of  Kepler's  Laws  for  determining  the  distances  between  the  sun 
and  the  planets  of  the  solar  system  were  explained. 

"Experiments  in  Crystal  Growth"  was  the  title  presented  by  Joe 
Strain,  Howe  High  School,  Indianapolis.  It  was  explained  that  crystals 
of  the  same  materials  grow  into  the  same  shape  and  size  under  normal 
conditions,  but  it  was  found  that  when  conditions  are  altered  the  size 
and  shape  of  crystals  can  be  changed.  Refrigeration,  incubation  at  room 
temperatures,  rocking  containers,  and  dyes  were  some  of  the  modifica- 
tions of  factors  that  altered  the  shape  and  size  of  crystals. 

"Principles  of  Servo-Mechanism"  was  explained  by  Edward  Foster, 
Central  Catholic  High  School,  Fort  Wayne.  A  servo-mechanism,  Edward 
said,  was  a  type  of  motor  that  is  very  useful  in  such  equipment  as  power 
steering  and  power  brakes  in  automobiles. 

"A  Key  to  the  Identification  of  Some  United  States  Minerals  with 
Special  Emphasis  on  Their  Chemical  Properties,"  was  presented  by 
William   Forgey,    Lew  Wallace   High    School,   Gary.    William   explained 
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that  the  key  was  divided  into  two  parts.  For  the  first  part,  it  was 
necessary  to  break  up  the  minerals  into  small  particles  so  they  could 
be  identified  according  to  color,  reagents,  hardness,  streaks,  crystal 
structure,  occurrence,  and  peculiar  properties.  The  second  part  of  the 
key  is  similar  but  adds  information  on  where  the  minerals  could  be 
found. 

The  next  paper  on  "The.  Effect  of  Light  and  Color  on  Photosyn- 
thesis," was  given  by  Terence  Hooten,  Washington  Catholic  High  School, 
Washington.  Three  experiments  were  performed  to  determine  the  rela- 
tion of  light  to  photosynthesis.  In  the  first,  certain  colors  in  sunlight 
were  filtered  out  before  the  light  fell  on  the  plants.  Results  showed  that 
the  filtered  colors — blue,  red,  green,  and  yellow — were  important  to  the 
plants  in  the  order  named.  A  second  experiment  proved  that  sturdiness 
of  plants  was  related  to  the  same  colors.  A  third  test  showed  that  plants 
were  unable  to  survive  without  light. 

"Transmission  of  Sound  Through  Earth  Materials,"  was  presented 
by  Donald  Soderberg,  Central  Junior-Senior  High  School,  South  Bend. 
Donald  explained  that  sound  varies  according  to  the  material  through 
which  it  passes.  The  purpose  of  the  project  was  to  determine  the  velocity 
of  sound  in  different  earth  materials.  The  velocity  of  sound  in  sub- 
terranean soil  and  rocks  was  recorded  with  an  oscilloscope.  They  were 
then  catalogued  according  to  their  velocity. 

Judith  Bateman  and  Diana  Mattingly,  Washington  Catholic  High 
School,  Washington,  spoke  next  on  "Control  of  Stream  Pollution."  They 
pointed  out  that  dumping  organic  wastes  into  streams  causes  decomposi- 
tion by  bacteria.  This,  in  turn,  upsets  the  aquatic  food  chain  by 
diminishing  the  supply  of  oxygen.  It  was  suggested  that  pollution  be 
controlled  by  restoring  plants,  soil  and  planting  trees  around  water 
areas;  and  by  filtering  water  through  sand  and  gravel;  and  by  building 
dams. 

"The  Effect  of  Various  Compounds  on  the  Multiplication  Rate  of 
Escherichia  coli,"  was  the  topic  discussed  by  David  McMullen,  Univer- 
sity High  School,  Bloomington.  David  said  that  bacteria  are  needed  in 
large  quantities  for  industrial  purposes  as  in  the  making  of  rubber. 
However,  it  is  difficult  to  grow  bacteria  in  quantities  to  meet  the  demand. 
Different  compounds  were  used  in  an  attempt  to  increase  the  reproductive 
rate  of  the  bacteria.  Root  hormones,  puric  acid,  manganese  sulfate  and 
ascorbic  acid  were  tried.  The  results  were  as  follows:  root  hormone 
proved  one  and  one  half  times  affective,  puric  acid  one  time  as  affective 
manganese  sulfate  seven  times  unaffective,  and  with  ascorbic  acid  the 
rate  remained  the  same. 

The  final  paper  on  "The  Effectiveness  of  Metals  on  Inhibitory  Action 
of  Kanamycin,"  was  given  by  Judith  I.  Brooks,  Bloomington  High  School, 
Bloomington.  Judith  found  that  calcium,  cobalt,  magnesium,  and  man- 
ganese were  metals  that  could  be  used  to  cause  inhibitory  action. 

Four  hundred  and  seventeen  science  club  members,  sponsors  and 
guests  registered  for  the  1958  annual  meeting.  This  represented  the 
largest  attendance  of  any  previous  meeting  with  the  exception  of  the 
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year  the  Junior  Academy  of  Science  combined  with  the  Purdue  Sci-Math 
Assembly.  There  are  currently  fifty-three  high  school  science  clubs 
affiliated  with  the  Junior  Academy. 

Judy  Francisco,  Secretary 
INDIANA  JUNIOR  ACADEMY  OF  SCIENCE 


Fall  1958 

Town 

School  and  Club 

Sponsor 

1. 

Attica 

H.  S.,  Sci-Math  (1949) 

J.  Claude 
Daugherty 

2. 

Bedford 

H.  S.,  Science  (1951) 

3. 

Bloomington 

H.  S.,  National  Scientific 

Honor  Society  (1931) 

Harold  A,  Stewart 

4. 

Bloomington 

University  H.  S.,  Jr. 

Academy  (1938) 

E.  Wayne  Gross 

5. 

Chesterton 

H.  S.,  Science  (1954) 

Robert  McCord 

6. 

Clarksville 

Our  Lady  of  Providence 

H.  S.,  Phy-Chem  (1956) 

Sister  Janet 

7. 

Clayton 

H.  S.,  Jr.  Academy  (1951) 

Howard  C.  Lewis 

8. 

Crawfordsville 

H.  S.,  Up-N-Atom  (1950) 

David  Wells 

9. 

Edinburg 

H.  S.,  The  Alchemists  (1954) 

S.  C.  Harrell 

10. 

Elkhart 

H.  S.,  Jr.  Academy  (1940) 

Robert  Mahan 

11. 

Evansville 

Reitz  Memorial  H.  S., 

Sister  Jean 

Science  (1958) 

Margaret 

12. 

Fort  Wayne 

Central  H.  S.,  Biology  (1940) 

Iva  Spangler 

13. 

Fort  Wayne 

Cental  Catholic  H.  S.,  Albertus 

Magnus  Science  (1952) 

Sister  Anne  Pauline 

14. 

Fort  Wayne 

Elmhurst  H.  S.,  Phy-Chem 

(1935) 

Ruth  Wimmer 

15. 

Fort  Wayne 

North  Side  H.  S.,  Nature 

(1936) 

Vesta  Thompson 

16. 

Fort  Wayne 

South  Side  H.  S.,  Jr.  Academy 

Don  Weaver 

(1956) 

Robert  Weber 

17. 

Gary 

Calumet  Twp.  H.  S.,  Science 
(1952) 

18. 

Gary 

Edison  H.  S.,  Beaker  Breakers 

(1949) 

Martha  B.  Connor 

19. 

Gary 

Lew  Wallace  H.  S.,  Biology 

(1935) 

Lola  Lemon 

20. 

Gary 

Lew  Wallace  H.  S.,  Klub  Kern 

(1941) 

Helen  McKenzie 

21. 

Gary 

Tolleston  H.  S.,  Biology 

Mr.  Moore 

(1952) 

John  Reidel 

22. 

Gary 

Tolleston  H.  S.,  Future 
Scientists  of  America 
(1949) 
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Town 

23.  Gary 

24.  Gas  City 

25.  Griffith 

26.  Hamlet 

27.  Hammond 

28.  Hobart 

29.  Indianapolis 

30.  Indianapolis 

31.  Indianapolis 

32.  Indianapolis 

33.  Indianapolis 

34.  Indianapolis 

35.  LaPorte 

36.  Lebanon 

37.  Madison 

38.  Marion 

39.  Mishawaka 

40.  New  Albany 

41.  New  Castle 

42.  New  Haven 

43.  Richmond 

44.  Rossville 

45.  Sandborn 

46.  South  Bend 

47.  South  Bend 

48.  Sullivan 

49.  Terre  Haute 

50.  Valparaiso 

51.  Vincennes 

52.  Wanamaker 

53.  Washington 


School  and  Club 
Wirt  II.  S.,  Biology  (1945) 
Mississinewa  Joint  H.  S., 

Science  (1936) 
II.  S.,  Science  (1953) 
H.  S.,  Science  (1954) 
Morton  Jr.  H.  S.,  Science 

(1949) 
H.  S.,  Science  (1952) 
Ladywood  School,  Guerin 

Science  (1957) 
Shortridge  H.  S.,  Naturalist's 

Club  (1947) 
Shortridge  H.  S.,  Science 

(1931) 
Technical  H.  S.,  Nature 

(1932) 
HoweH.  S.,  Science  (1949) 
Washington  H.  S.,  Science 

(1931) 
H.  S.,  Bi-Phi-Chem  (1958) 


H.  S.,  Jr.  Explorers  of 

Science  (1953) 
Shawe  Memorial  H.  S. 

Science  (1957) 
Martin  Boots  Jr.  H.  S., 

Biology  (1953) 
H.  S.,  Science  (1936) 
H.  S.,  Science  (1935) 
H.  S.,  Science  (1947) 
H.  S.,  Phi-Chi  (1954) 
H.  S.,  Science  (1950) 
H.  S.,  Science  (1954) 
H.  S.,  Up  and  Atom  (1954) 
Central  H.  S.,  Science  (1939) 
Adams  H.  S.,  Adams  Walton 

(1953) 
H.  S.,  Camera  (1939) 
State  H.  S.,  Senior  Science 

(1939) 
H.  S.,  Science  (1931) 
St.  Rose  Academy,  Sigma 

Tau  (1958) 
Franklin  Twp.  H.  S.,  Sigma 

Mu  (1958) 
Catholic  H.  S.,  Aquinas 

Science  (1958) 


Sponsor 
Frances  Huddleston 

Roy  McKee 
George  M.  Bunce 
Lawrence  Cushman 


Lola  Stewart 

Sister  Mary  Pius 

Robert  A.  Weaver 

Henrietta  A.  Parker 

Charles  A.  Russell 
Jerry  Motley 

Elizabeth  H.  Crider 
Francis  M.  Gourley 
Byron  Bernard 
Tom  Fisher 

Helen  E.  Reed 
Theodore  A.  Winkel 

John  Clevenger 
Darl  F.  Wood 
Erwin  Steinkamp 
Betty  Jo  Montag 
Keith  Hunnings 
Von  C.  Alexander 
Martin  Silverthorn 
Paul  D.  Carter 
V.  C.  Gripe 

Ernest  Litweiler 
Ruth  Hinkle 

Russell  McDougal 


Sister  Suzanne 
Jerry  M.  Colglazier 
Sister  Mary  Blanche 
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Will  E.  Edington,  DePauw  University 


Kenneth  Victor  Bryan 

Webster  City,  Iowa  Lafayette,  Indiana 

September  16,   1896  February  14,   1958 

One  of  the  remarkable  developments  in  America  during  the  past 
forty  years  has  been  the  almost  complete  mechanization  of  agricultural 
procedures.  The  horse  has  practically  disappeared  from  the  farm. 
The  cow  remains,  but  for  the  most  part  only  in  dairy  herds.  Modern 
sanitation  requirements  and  the  chemistry  of  foods  have  made  dairy 
husbandry  and  dairy  manufacturing  a  highly  scientific  study  in  our 
colleges.  One  of  the  leaders  in  this  work  has  been  Purdue  University. 
Kenneth  Victor  Bryan,  who  came  to  Purdue  in  1922,  played  a  prominent 
part  in  this  evolution  in  the  dairy  industry  in  Indiana  through  his 
work  as  a  teacher  and  specialist  in  the  fields  of  cheese,  condensed  milk, 
ice  cream  and  the  testing  of  dairy  products.  In  his  death  on  February 
14,  1958,  following  a  heart  attack,  Purdue  and  the  State  dairy  industry 
suffered  a  distinct  loss. 

Kenneth  Victor  Bryan  was  born  on  a  farm  near  Webster  City,  Iowa, 
on  September  16,  1896.  He  attended  grade  school  at  Payne  Center, 
Oklahoma,  near  Stillwater,  and  completed  his  elementary  education  at 
Stillwater.  He  entered  the  Oklahoma  Agricultural  and  Mechanics  College 
in  Stillwater  but  was  called  into  the  Army  early  in  1917  and  served  two 
years  in  two  infantry  units  and  fought  in  four  major  battles  of  World 
War  I.  Following  the  end  of  the  War  he  reentered  the  College  and 
completed  the  course  in  dairy  manufactures  in  1921  and  received  the 
B.S.  degree  in  Agriculture.  He  immediately  entered  the  University  of 
Wisconsin  for  graduate  study,  earned  the  M.S.  degree  in  1922,  and 
came  to  Purdue  in  September  of  that  year  as  an  instructor  in  dairy 
husbandry.  He  was  an  Associate  Professor  of  Dairy  Husbandry  at  the 
time  of  his  death. 

Professor  Bryan  was  a  very  conscientious  and  effective  teacher  and 
most  of  his  work  was  the  teaching  of  freshman  dairy  courses  and  courses 
in  dairy  manufactures.  He  kept  abreast  of  the  scientific  developments 
in  the  dairy  industry  and  contributed  to  the  establishment  of  legal 
definitions  for  ice  cream  and  other  frozen  dairy  products.  He  made  a 
special  study  in  the  "field  of  stabilizers  including  the  use  of  lecithin, 
lecitho-protein  and  glyceryl  mono-stearate  in  ice  cream."  During  his 
many  years  at  Purdue  he  contributed  much  to  the  good  relations  between 
the  University  and  the  dairy  industry  through  his  papers  and  talks 
before  dairy  industry  associations  and  conferences  held  at  Purdue  and 
elsewhere. 
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He  was  an  active  member  of  the  American  Dairy  Association  and 
had  been  a  member  of  the  Indiana  Academy  of  Science  since  1924.  He 
was  a  member  of  Sigma  Nu  social  fraternity  and  a  member  and  active 
counselor  of  Alpha  Zeta,  an  agricultural  honorary  fraternity.  He  was 
long  a  member  of  the  American  Legion  and  the  Masonic  Lodge.  He 
had  served  as  treasurer  of  the  Lafayette  Lions  Club  and  was  active  in 
its  Youth  Program.  As  a  member  of  the  First  Methodist  Church  in 
West  Lafayette  he  was  particularly  interested  in  its  Men's  Club  work. 

Professor  Bryan  was  a  quiet,  friendly  man  deeply  devoted  to  his 
family,  and  a  dedicated  teacher  who  contributed  much  to  his  students 
through  his  wise  counsel  and  sincere  interest  in  their  success  and  welfare. 

George  Henry  Alexander  Clowes 

Ipswich,  Suffolk,  England  Woods  Hole,  Massachusetts 

August  27,  1877  August  25,  1958 

The  world  owes  much  to  those  who  have  left  their  native  lands  and 
sought  careers  in  America  where  the  pioneering  spirit  still  prevails 
and  success  and  recognition,  in  general,  depend  on  health,  hard  work 
and  innate  ability.  A  realization  of  this  was  strikingly  brought  to  the 
attention  of  the  Academy  by  the  death  of  George  Henry  Alexander 
Clowes  on  August  25,  1958,  from  a  stroke  just  two  days  before  his 
eighty-first  birthday. 

George  H.  A.  Clowes  was  born  on  August  27,  1877,  in  Ipswich, 
Suffolk,  England.  He  was  the  son  of  a  manufacturer  of  chemicals  and 
early  showed  an  aptitude  for  chemistry.  He  studied  at  the  Royal  College 
of  Science  in  London,  the  University  of  Berlin,  the  Pasteur  Institute  in 
Paris,  and  the  University  of  Gottingen  where  he  received  the  Ph.D. 
degree  in  chemistry  in  1899.  He  came  to  the  United  States  the  next 
year  and  joined  the  New  York  State  Institute  for  the  Study  of  Malignant 
Diseases,  in  Buffalo,  where  he  began  his  study  of  cancer  to  which  he 
devoted  much  of  his  thought  and  research  for  the  rest  of  his  life. 

In  1918  he  entered  the  research  division  of  the  Army  Chemical 
Warfare  Service  in  Washington.  The  following  year  he  joined  the 
research  staff  of  Eli  Lilly  &  Company  as  a  biochemist.  He  was  made 
Director  of  Research  in  1920  and  during  the  next  twenty-five  years  he 
guided  and  developed  the  pharmaceutical  research  of  that  great  organiza- 
tion so  that  at  the  time  of  his  retirement  in  1945  he  directed  a  staff  of 
250  research  scientists.  As  Director  Emeritus  he  continued  until  his 
death  his  association  with  Lilly's  as  a  consultant. 

Dr.  Clowes  had  a  summer  home  at  Woods  Hole,  Mass.,  and  following 
his  retirement  he  spent  considerable  time  at  the  Marine  Biological 
Laboratory  where  in  seeking  clues  to  the  nature  of  cancer  he  conducted 
research  on  "marine  bioligical  system  with  particular  attention  to  cell 
division  and  respiration  and  the  nature  and  mode  of  function  of  living 
protoplasm."  He  had  earlier  studied  the  spontaneous  recovery  from 
cancer  in  animals  and  his  research  on  reversible  emulsions  and  surface 
films  involved  in  cell  metabolism  early  gained  him  wide  recognition. 
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However,  he  was  most  widely  known  because  of  his  early  recognition 
of  the  value  of  insulin.  On  Christmas  Day,  1921,  he  left  home  to  go 
to  New  Haven,  Conn.,  to  hear  the  paper  given  by  Dr.  Frederick  Banting, 
of  Toronto,  announcing  the  isolation  and  use  of  insulin  in  treating 
diabetic  dogs.  He  recognized  the  tremendous  value  and  possibilities  of 
insulin  and  he  offered  to  Dr.  Banting  the  collaboration  of  the  Lilly 
Research  Laboratories  which  was  accepted  and  led  within  the  next  year 
to  the  large-scale  production  of  stable,  pure,  standardized  insulin  that 
has  brought  health  and  happiness  to  mankind  in  the  control  of  diabetes 
and  permitted  millions  to  live  almost  normal  lives. 

Dr.  Clowes  was  not  only  an  outstanding  scientist  and  excellent 
administrator  but  also  a  fine  citizen  and  patron  of  the  arts.  He  became 
a  citizen  of  the  United  States  in  1921  and  henceforth  actively  participated 
in  the  civic  betterment  of  Indianapolis.  Deeply  interested  in  art  and 
music  he  actively  supported  and  was  a  past  president  of  the  Indiana 
State  Symphony  Society.  He  possessed  one  of  the  finest  private  art 
collections  in  the  United  States  which  included  five  El  Grecos,  two  Rem- 
brandts,  and  works  by  Holbein,  Constable,  Franz  Hals,  Bellini,  Ribera, 
Titian,  Cranach,  Rubens  and  others.  He  became  a  member  of  the  Herron 
Art  Institute  in  1931,  one  of  its  directors  two  years  later,  and  was  a 
vice-president  since  1937  and  he  frequently  made  art  gifts  to  the 
Institute.  He  was  also  a  member  and  past  president  of  the  Indianapolis 
Literary  Club. 

He  and  Mrs.  Clowes  frequently  made  visits  to  his  native  England. 
An  ardent  churchman  he  made  numerous  notes  on  church  construction 
in  England  which  led  to  the  construction  of  Trinity  Episcopal  Church 
in  Indianapolis  following  the  design  of  a  twelfth  century  English  church. 

Dr.  Clowes  was  a  founder  member  and  a  past  president  of  the 
American  Association  for  Cancer  Research.  He  was  also  a  member  of 
the  American  Chemical  Society,  the  Society  for  Experimental  Biology  and 
Medicine,  the  Biochemical  Society,  the  Chemical  Society  of  England,  and 
Phi  Lambda  Upsilon  chemical  honorary  society.  He  joined  the  American 
Association  for  the  Advancement  of  Science  in  1917  and  became  a  Fellow 
in  1921.  He  had  been  a  member  of  the  Indiana  Academy  of  Science 
since  1920  and  was  made  a  Fellow  in  1934. 

In  1932  Butler  University  conferred  the  Sc.D.  degree  on  Dr.  Clowes 
and  Wabash  College  honored  him  with  the  LL.D.  degree  in  1938.  The 
American  Chemical  Society  honored  him  as  a  fifty-year  member  in  1955. 

George  Henry  Alexander  Clowes  will  be  long  remembered  for  his 
scientific  and  cultural  contributions  but  his  permanent  monument  will 
be  his  outstanding  service  to  humanity  and  his  fellow  citizens. 


Avalon  Conway  Cox 

Evansville,  Indiana  Indianapolis,  Indiana 

September  16,  1897  December  13,  1957 

Crispus  Attucks  High  School,  in  Indianapolis,  was  organized  in 
1927  and  Avalon  Conway  Cox  joined  the  staff  as  a  science  teacher.  He 
had  just  received  the  A.M.  degree  from  Indiana  University  which  had  also 
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conferred  the  A.B.  degree  on  him  in  1919.  In  1930  he  was  made  head 
of  the  Science  Department  and  he  continued  his  work  at  Crispus  Attucks 
until  his  death  from  a  stroke  on  December  13,  1957. 

Avalon  C.  Cox  was  born  in  Evansville,  Indiana,  on  September  16, 
1897.  His  father  was  principal  of  one  of  the  Evansville  elementary 
schools  and  Mr.  Cox  received  his  public  school  education  in  that  city. 
Before  coming  to  Indianapolis  he  had  taught  for  six  years  in  the 
Bowling  Green,  Kentucky,  and  Princeton,  Indiana,  public  schools. 

Crispus  Attucks  High  School  was  one  of  the  six  high  schools  whose 
science  clubs  constituted  the  Indiana  Junior  Academy  of  Science  organ- 
ized in  1931.  Mr.  Cox  had  joined  the  Indiana  Academy  in  1928  and 
he  became  active  in  the  Junior  Academy.  At  one  time  his  school  had 
four  science  clubs  emphasizing  biology,  chemistry,  zoology  and  radio, 
of  which  Mr.  Cox  sponsored  the  radio  club,  since  his  special  interest  was 
in  physics. 

He  was  an  effective  administrator  who  was  respected  and  admired 
by  both  the  students  and  faculty.  Unassuming,  courteous  and  friendly, 
his  teaching  problems  were  met  with  sympathetic  understanding  and 
patience.  Following  his  death  the  Board  of  School  Commissioners  of 
the  City  of  Indianapolis  stated  in  a  Resolution  that  "during  his  tenure 
both  as  teacher  and  head  of  the  science  department,  Mr.  Cox  received 
consistently  high  praise  for  his  devotion  to  public  school  education  and 
for  the  contribution  he  made  to  good  teaching  in  the  Indianapolis  Public 
Schools." 

Mr.  Cox  was  a  member  of  both  the  National  Education  Association 
and  the  Indiana  State  Teachers  Association.  He  was  also  especially 
active  in  Kappa  Alpha  Psi  social  fraternity  and  seldom  missed  attendance 
at  its  national  conventions.  He  was  also  a  veteran  of  World  War  I  and 
had  traveled  extensively  in  the  United  States. 

Avalon  Cox  was  active  in  the  Mt  Zion  Baptist  Church  in  Indian- 
apolis and  also  in  community  work.  He  was  a  skilled  musician  on  both 
the  pipe  organ  and  the  piano.  As  an  excellent  citizen  and  community 
leader  and  a  friendly,  cheerful  man,  he  contributed  much  through  his 
life's  work  to  the  betterment  of  human  relations  in  Indianapolis. 

Seth  Earl  Elliott 

Miller,   South   Dakota  Indianapolis,   Indiana 

July  19,  1891  June  14,  1958 

Seth  Earl  Elliott  came  to  Butler  University  in  1924  as  Head  of  the 
Department  of  Physics  and  he  devoted  the  next  thirty-two  years  of  his 
life  to  teaching  that  fundamental  subject  at  Butler.  Following  his  retire- 
ment in  1956  he  remained  in  Indianapolis  until  his  death  on  June  14,  1958. 

He  was  born  in  Miller,  South  Dakota,  on  July  19,  1891,  but  he 
grew  up  and  received  his  elementary  education  in  Akron,  Iowa.  In 
due  time  he  entered  Morningside  College  in  Sioux  City,  Iowa,  a  short 
distance  from  Akron,  and  received  the  A.B.  degree  in  1912.  The  Uni- 
versity of  Iowa  conferred  the  M.S.  degree  on  him  in  1915,  following 
which  he  taught  the  next  two  years  in  the  Denison,  Iowa,  High  School. 
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During  World  War  I  he  served  as  an  instructor  in  the  Field  Artillery 
Officers'  Training  School.  From  1920  to  1924  he  was  an  instructor  in 
mathematics  and  physics  in  the  Hibbing,  Minnesota,  Junior  College 
and  he  came  from  there  to  Butler  University.  He  completed  the  work 
for  the  Ph.D.  degree  at  Indiana  University  under  Dr.  Arthur  L.  Foley 
and  received  that  degree  in  1931.  His  thesis  results  were  published  in 
the  Proceedings  of  the  Academy  for  1933.  During  World  War  II  he 
was  coordinator  of  the  Air  Force  preflight  training  program  at  Butler 
and  he  received   special   government   commendation  for  his  work. 

Dr.  Elliott  was  active  in  the  Indiana  Schoolman's  Club  and  the 
Indiana  State  Physics  Teachers  Association.  He  was  a  member  of  Phi 
Kappa  Phi  and  Sigma  Psi  honorary  fraternities  and  Lambda  Chi  Alpha 
social  fraternity.  He  joined  the  Indiana  Academy  of  Science  in  1932 
and  was  made  a  Fellow  in  1952.  He  served  in  the  Academy  as  chairman 
of  the  Physics  Division  in  1938  and  was  a  member  of  the  auditing  com- 
mittee from  1948  until  his  death.  He  was  active  in  church  work  and 
had  served  as  a  deacon  and  an  elder  in  University  Park  Christian  Church 
in  Indianapolis. 

Seth  Elliott  was  an  excellent  physicist  and  was  interested  in  research 
but  since  he  carried  a  heavy  teaching  load  he  concentrated  on  effective 
teaching  and  administration.  He  was  well  liked  and  respected  by  both 
his  students  and  his  colleagues,  and  he  received  national  recognition 
through  being  listed  for  a  number  of  years  in  Who's  Who  in  America. 
A  quiet,  unassuming  man,  he  endeared  himself  to  those  who  really 
knew  him,  for  he  possessed  that  sincerity  and  courtesy  that  is  seemingly 
becoming  more  rare.  In  his  death  Butler  has  lost  one  who  served  it  well 
and  the  Academy  has  lost  a  most  useful  member. 


Howard  Edwin  Enders 

Enders,  Pennsylvania  Syracuse,  New  York 

June  18,  1877  July  15,  1958 


In  every  organization  certain  individuals  stand  out  as  leaders  and 
for  a  number  of  years  such  a  leader  will  help  to  shape  the  policies  of 
the  organization.  Time  gives  perspective  and  as  one  reviews  the  history 
of  the  Indiana  Academy  of  Science  great  leaders  in  its  past  have  been 
such  men  as  David  Starr  Jordan,  Amos  Butler,  John  L.  Campbell,  John 
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P.  D.  John,  David  W.  Dennis,  Stanley  Coulter,  Clarence  A.  Waldo,  Mason 
B.  Thomas,  Arthur  L.  Foley,  John  S.  Wright,  Julius  A.  Nieuwland, 
Charles  C.  Deam,  Ray  C.  Friesner.  These  men  loved  the  Academy  and 
their  work  helped  to  make  the  Academy  great.  Now  another  name  must 
be  added  to  this  list:   Howard  Edwin  Enders. 

For  thirty  years  Howard  E.  Enders  was  a  leader  in  the  Academy. 
He  joined  the  Academy  in  1906  and  was  made  a  Fellow  in  1912,  but 
his  real  leadership  began  in  1916  when  he  was  elected  Secretary  of  the 
Academy  which  position  he  held  until  he  was  chosen  President  five  years 
later.  From  then  on  he  served  the  Academy  in  many  ways  on  various 
committees.  It  was  through  his  leadership  that  the  Junior  Academy 
was  organized  in  1931  and  he  was  its  sponsor  for  the  next  fifteen  years. 
In  1943  when  wartime  restrictions  on  use  of  gasoline  prevented  the 
meeting  of  the  Junior  Academy  he  reported  that  43  high  school  clubs 
were  affiliated  and  some  of  these  clubs  had  from  two  to  six  science  sec- 
tions. The  Academy  became  affiliated  with  the  American  Association  for 
the  Advancement  of  Science  in  1925  and  Dr.  Enders  was  elected  Repre- 
sentative of  the  Academy  on  the  Council  of  the  A.A.A.S.  and  he  repre- 
sented the  Academy  annually  on  the  Council  until  1946.  He  led  the 
Academy  committee  that  helped  to  bring  the  Annual  Meeting  of  the 
A.A.A.S.  to  Indianapolis  in  1937.  Two  years  before  his  retirement  in 
1947  he  began  to  work  with  members  of  the  Academy  chosen  to  succeed 
him. 

Howard  Edwin  Enders  was  born  in  Enders,  Pennsylvania,  on  June 
18,  1877.  After  completing  his  public  school  education  he  enrolled  in 
Lebanon  Valley  College  where  he  received  the  B.S.  degree  in  1897,  the 
M.S.  degree  in  1900  and  served  as  Professor  of  Biological  Sciences  from 
1900  to  1903.  Lebanon  Valley  College  conferred  the  Doctor  of  Science 
degree  on  him  in  1946.  Between  1897  and  1900  he  taught  in  the  Iron 
Mountain,  Michigan,  High  School  and  spent  the  summers  in  graduate 
study  at  the  University  of  Michigan  and  Harvard  University.  In  1903 
he  entered  John  Hopkins  University  where  he  received  the  Ph.D.  degree 
in  zoology  in  1906. 

Dr.  Enders  came  to  Purdue  in  1906  as  an  instructor  in  zoology. 
Twenty  years  later,  in  1926,  he  succeeded  Dr.  Stanley  Coulter  as  Head 
of  the  Department  of  Biology.  Following  the  death  of  Dean  Richard 
B.  Moore  in  1931  he  was  made  acting  Dean  of  the  School  of  Science  and 
in  February,  1932,  he  was  appointed  Dean. 

During  his  forty  years  of  active  service  at  Purdue,  Dean  Enders 
carried  on  research  in  various  places  off  the  campus.  He  spent  five 
summers  at  Johns  Hopkins  University  and  five  summers  at  the  Indiana 
University  Biological  Station  at  Winona  Lake.  The  summer  of  1925 
found  him  doing  research  in  parasitology  at  the  Kartabo  Jungle  Labora- 
tory of  Tropical  Biology  in  British  Guina.  He  worked  during  the  summer 
of  1927  in  the  research  laboratory  of  the  Institute  of  Tropical  Biology, 
Gatun  Lake,  Panama  Canal  Zone,  and  in  the  summer  of  1933  he  took  a 
group  of  Purdue  students  with  him  to  do  tropical  research  in  the 
Lancetilla  Experiment  Station  in  Honduras. 
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Dean  Enders  was  author  of  research  articles  in  professional  journals. 
He  presented  eleven  papers  before  the  Academy  of  Science  and  also 
three  joint  papers,  of  which  seven  were  published  in  the  Proceedings  of 
the  Academy.  He  was  also  the  author  of  "Laboratory  Directions  in 
General  Biology"  in  1912,  the  fourth  edition  of  which  appeared  in  1936. 

Dr.  Enders  joined  the  American  Association  for  the  Advancement 
of  Science  in  1901  and  was  made  a  Fellow  in  1911.  As  Academy  Rep- 
resentative he  was  secretary  of  the  Association  of  State  Academies 
affiliated  with  the  A.A.A.S.  for  one  year  and  was  the  chairman  for  two 
years.  He  was  a  member  of  the  American  Society  of  Zoologists  and  the 
Johns  Hopkins  chapter  of  Phi  Beta  Kappa.  He  was  also  president  of 
the  Purdue  chapter  of  Sigma  Xi  for  one  year.  He  was  active  in  Rotary 
and  was  president  of  the  Lafayette  Rotary  Club  in  1931.  He  spent  his  re- 
tirement years  in  Venice,  Florida,  where  he  continued  his  activity  in 
Rotary  by  serving  as  secretary  of  the  Venice-Nokomis  Club  for  five 
years  until  his  health  failed  and  then  the  Club  made  him  an  Honorary 
Member  for  the  rest  of  his  life. 

Dr.  Enders  was  an  interesting  and  effective  teacher,  lecturer  and 
administrator.  As  a  teacher  he  developed  the  course  in  General  Biology 
at  Purdue  to  the  point  where  he  had  an  enrollment  at  one  time  of  over 
500  students.  He  was  thoughtful,  calm  and  deliberate  in  his  work  such 
as  to  inspire  confidence.  For  a  number  of  years  he  lectured  on  physiology 
at  St.  Elizabeth  Hospital  in  Lafayette.  He  possessed  a  genial  personality 
and  a  charming  sense  of  humor  and  he  was  a  most  gracious  host.  As  an 
administrator  he  was  fair  and  farseeing. 

When  his  health  failed  he  went  to  live  with  a  daughter  in  Syracuse, 
New  York,  where  he  passed  away  on  July  15,  1958.  He  had  lived  a 
most  full  and  fruitful  life  and  his  unselfish  service  to  both  Purdue  Uni- 
versity and  the  Indiana  Academy  of  Science  will  be  long  remembered. 

Karl  Lark-Horovitz 

Vienna,  Austria  Lafayette,  Indiana 

July  20,  1892  April  14,  1958 

With  the  coming  of  Dr.  Edward  C.  Elliott  to  Purdue  in  1922  as 
President,  the  University  soon  began  to  emphasize  graduate  study.  The 
Graduate  Committee  was  reorganized  in  1924,  the  Graduate  Council  head- 
ed by  a  Dean  followed  a  few  years  later  and  the  first  Ph.D.  degree 
under  the  new  setup  was  conferred  in  1928.  The  only  Ph.D.  degree  ever 
given  by  Purdue  previous  to  1928  was  conferred  in  1897  on  Daniel 
T.  MacDougal  working  under  Dr.  Joseph  C.  Arthur.  This  emphasis  on 
graduate  study  and  research  resulted  in  the  appointment  of  outstanding 
scientists  to  the  Purdue  staff.  One  of  the  first  of  these  scientists  to 
come  to  Purdue  was  Karl  Lark-Horovitz  as  a  Professor  of  Physics  in 
1928.  He  became  Director  of  the  Physical  Laboratory  in  1929  and  suc- 
ceeded Professor  E.  S.  Ferry  as  Head  of  the  Department  in  1932. 

Karl  Lark-Horovitz  was  born  in  Vienna,  Austria,  on  July  20,  1892. 
He  received  all  his  formal  education  in  Vienna  but  his  graduate  study 
in  the  University  of  Vienna  was  interrupted  by  four  years  of  service 
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as  an  officer  in  the  Austrian  Army  in  World  War  I  and  the  Ph.D.  was 
not  conferred  on  him  until  1919.  He  immediately  became  an  instructor 
in  physics  in  the  University  of  Vienna  and  remained  six  years.  In 
1925  he  was  awarded  an  International  Research  Council  Fellowship 
which  brought  him  to  the  University  of  Toronto,  in  Canada,  for  a 
year  and  then  a  second  year  at  the  University  of  Chicago  and  the 
Rockefeller  Institute  of  Research,  followed  by  a  third  year  at  Stanford 
University.  In  the  spring  of  1928  he  was  invited  to  give  several  lectures 
at  Purdue  and  his  appointment  at  Purdue  followed. 

Dr.  Lark-Horovitz  was  an  excellent  theoretical  scientist  with  a  keen 
analytical  mind,  deep  insight,  and  a  fertile  imagination.  Once  in  charge 
he  soon  changed  the  Physics  Department  from  being  largely  a  service 
department  to  other  Schools  in  the  University  and  surrounded  himself 
with  a  carefully  chosen  staff  of  talented  physicists,  graduate  assistants 
and  graduate  students.  Well  trained  in  chemistry,  mathematics  and 
philosophy  as  well  as  in  physics  he  possessed  an  unusually  broad  per- 
spective of  the  physical  sciences  and  he  was  able  to  communicate  his 
ideas  and  enthusiasm  to  his  students  which  led  to  a  steady  flow  of 
trained  physicists  with  master's  and  doctor's  degrees  from  Purdue.  His 
success  was  followed  by  additional  financial  support  from  the  University, 
Foundations,  industrial  interests  and  the  Federal  Government.  By 
1936  the  Department  began  to  acquire  elaborate  equipment  and  a 
cyclotron  was  built  through  the  purchase  of  parts  and  the  construction 
work  of  enthusiastic  graduate  students.  The  rapid  development  and 
expansion  of  the  Department  with  its  broad  program  of  modern  research 
necessitated  the  erection  of  a  fine  physics  building  in  1941  suitable  to 
the  demands  of  the  time. 

Publication  of  his  research  results  began  even  before  he  received 
the  doctorate  and  included  results  of  studies  on  radioactivity,  relativity, 
electromotive  force  of  dielectrics  and  visual  space  perceptions  of  the 
human  eye.  He  had  considerable  power  in  mathematical  physics.  His 
later  research  "ranged  from  the  physics  of  the  solid  state  to  biophysics, 
from  X-rays  to  nuclear  investigations,  and  from  the  physical  investiga- 
tion of  the  qualities  of  good  violins  to  the  practical  considerations  in 
the  production  of  glass."  He  directed  in  the  Department  major  programs 
of  solid  state  physics,  nuclear  physics,  cosmic  ray  physics,  low  tempera- 
ture physics  and  biophysics  so  that  Purdue  has  become  one  of  the  out- 
standing physics  research  institutions  in  the  country. 

Dr.  Lark-Horovitz  by  no  means  neglected  the  undergraduate  pro- 
gram in  physics.  He  modernized  the  general  physics  courses  by  inte- 
grating into  these  courses  fundamental  ideas  from  chemistry,  biology 
and  even  philosophy.  As  a  member  of  a  University  Committee  on  the 
Education  of  Women  he  was  instrumental  in  initiating  the  Experimental 
Liberal  Science  curriculum  at  Purdue  for  enriching  the  course  work  in 
the  School  of  Science,  Education,  and  Humanities.  He  was  deeply  con- 
cerned about  the  effective  teaching  of  science  and  mathematics  and 
proceeded  to  do  something  about  it.  He  had  joined  the  American  Associ- 
ation for  the  Advancement  of  Science  as  a  Fellow  in  1934  and  was  soon 
appointed   a    member   of   the    A.A.A.S.    Cooperative    Committee    on   the 
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Teaching-  of  Science  and  Mathematics  and  was  its  Chairman  from  1945 
to  1950.  His  interests  led  to  the  study  of  the  teaching  of  science  through 
all  levels  from  the  kindergarten  to  the  graduate  school  and  resulted  in 
reports  such  as  "The  Preparation  of  High  School  Science  Teachers"  and 
''Manpower  in  Research."  This  latter  Report  was  made  to  the  Presi- 
dent of  the  United  States  by  the  President's  Scientific  Research  Board. 
Dr.  Lark-Horovitz's  work  led  to  the  strengthening  of  the  requirements 
for  the  certification  of  science  teachers  in  Indiana  and  elsewhere.  Be- 
cause of  his  contributions  to  the  teaching  of  physics  he  received  a  Dis- 
tinguished Service  Citation  from  the  American  Association  of  Physics 
Teachers. 

One  of  his  outstanding  achievements  that  brought  distinction  to 
the  department  was  his  direction  in  1942  of  a  wartime  defense  project 
for  the  government  in  the  development  of  crystal  rectifiers.  Through 
his  knowledge  of  chemistry  he  chose  germanium  as  the  material  for 
investigation  and  he  and  his  colleagues  succeeded  in  purifying  the  mate- 
rial and  analyzing  its  behavior.  These  findings  served  as  a  foundation 
in  the  development  of  the  transistor  by  others  using  the   results. 

The  Indiana  Academy  of  Science  first  became  acquainted  with  Dr. 
Lark-Horovitz  when  he  gave  an  invited  lecture  "What  is  Static  Elec- 
tricity?" at  a  General  Meeting  of  the  Academy  in  1930.  He  joined  the 
Academy  in  1933  and  was  made  a  Fellow  in  1936.  He  wisely  used 
the  Academy  meetings  as  a  training  ground  for  young  physicists  through 
the  presentation  of  twenty-one  joint  papers  before  the  Physics  Division 
of  the  Academy.  As  many  as  five  of  these  joint  papers  were  given  at 
a  single  meeting  of  the  Academy  in  1934,  and  the  last  joint  paper  was 
presented  in  1957. 

Dr.  Lark-Horovitz  was  a  Fellow  of  the  American  Physical  Society 
and  a  member  of  the  American  Association  of  Physics  Teachers,  the 
Society  for  the  Promotion  of  Engineering  Education,  the  American 
Association  of  University  Professors,  Sigma  Xi  and  Sigma  Pi  Sigma 
physics  honorary  society.  In  the  American  Association  for  the  Advance- 
ment of  Science  he  was  General  Secretary  from  1947  to  1949  and  a 
member  of  the  Editorial  Board  from  1949  to  the  time  of  his  death,  which 
occurred  suddenly  from  a  heart  attack  on  April  14,  1958. 

Karl  Lark-Horovitz  was  a  truly  great  man  and  an  outstanding  re- 
search scientist  with  an  international  reputation.  He  will  long  be 
remembered  through  his  published  work.  The  United  States  profited 
greatly  through  the  coming  of  this  scientist  to  America  in  1925  and  his 
acceptance  of  citizenship  in  1936.  He  brought  greatness  to  Purdue,  to 
the  Academy  and  to  the  State  of  Indiana. 

Edward  Hulbert  Niles 
Oriskany,  New  York  Indianapolis,  Indiana 

August  14,  1882  September  23,  1958 

It  is  somewhat  unusual  to  find  a  man  who  was  a  dean  of  the  school 
of  pharmacy  and  a  university  lecturer  in  materia  medica  and  pharmacy 
and  who  was  also  a  licensed  chemical  engineer.  But  such  a  man  was 
Edward  Hulbert  Niles  who  at  the  time  of  his  death  on  September  23, 
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1958,  was  Emeritus  Dean  of  the  Butler  University  School  of  Pharmacy 
and  for  years  had  lectured  to  classes  in  the  Indiana  University  School 
of  Medicine  and  was  licensed  as  a  chemical  engineer  by  the  State  of 
Indiana. 

Edward  H.  Niles  was  born  in  Oriskany,  New  York,  on  August  24, 
1882.  After  completing  his  public  school  education  he  became  interested 
in  chemistry  but  he  pursued  no  course  to  a  degree  until  he  came  to 
Indianapolis  in  1911  to  enter  the  Indianapolis  College  of  Pharmacy 
where  he  received  the  degree  of  Pharmaceutical  Chemist  in  1912  and 
the  Doctor  of  Pharmacy  degree  in  1914.  The  following  year  he  became 
an  instructor  in  pharmacy  in  the  Indianapolis  College  of  Pharmacy, 
was  promoted  to  Professor  of  Pharmacy  in  1917  and  became  Dean  of 
the  College  in  1921.  When  the  College  became  affiliated  with  Butler 
University  in  1945  he  continued  as  Dean  until  his  retirement  in  1952. 
During  these  years  he  worked  out  the  requirements  for  a  B.S.  degree 
in  1929  in  the  College  of  Pharmacy  and  the  A.B.  degree  in  1936  at  Butler. 
He  had  also  done  graduate  study  at  the  University  of  Chicago  in  1923 
and  at  Indiana  University  in  1937-1938.  His  broad  knowledge  of  chem- 
istry enabled  him  to  secure  the  license  as  a  chemical  engineer.  He  lec- 
tured on  pharmacy  in  the  Indiana  Veterinarian  College  from  1920  to 
1923  and  he  lectured  in  the  Indiana  University  Medical  School  from 
1945  until  the  time  of  his  retirement. 

During  World  War  II  Dr.  Niles  was  chairman  of  the  War  Manpower 
and  Veterans  Commission  of  the  Indiana  Pharmaceutical  Association  and 
he  was  also  on  its  education  committee.  For  many  years  he  helped 
in  the  revision  of  the  United  States  Pharmacopea,  the  standard,  authori- 
tative work  on  formulas  for  compounding  drugs.  He  was  a  consultant 
member  of  the  American  Pharmaceutical  Association  and  served  a 
year  as  chairman  of  the  Indiana  Section  of  the  American  Chemical 
Society.  At  the  dedication  in  1952  of  the  million  dollar  building  for 
Butler's  College  of  Pharmacy  Dr.  Niles  was  lauded  as  "one  of  the 
nation's  leaders  in  pharmacy." 

He  was  a  member  of  the  American  Pharmaceutical  Association, 
the  American  Chemical  Society,  the  Indiana  Interprofessional  Health 
Council,  Phi  Kappa  Phi  scholarship  honorary  and  Kappa  Psi  pharmacy 
society.  He  had  been  a  member  of  the  Indiana  Academy  of  Science  since 
1920.  He  authored  a  number  of  articles  in  professional  journals  but 
he  had  published  no  papers  in  the  Proceedings  of  the  Academy. 

Dr.  Niles  was  a  member  of  the  Episcopal  Church  and  was  very  active 
in  Masonry  in  Indianapolis  as  a  member  of  Mystic  Tie  Masonic  Lodge, 
Murat  Shrine,  Knights  Templar  and  the  Keystone  Chapter  of  Royal 
Arch  Masons. 

Following  his  retirement  he  devoted  his  time  to  reading,  attending 
musicals,  playing  chess,  some  of  the  games  by  correspondence,  and 
helping  students  who  frequently  called  on  him.  Through  the  years 
he  had  endeared  himself  to  many  students  who  kept  in  touch  with 
him.  Following  his  death  on  September  23,  1958,  Dr.  Rolla  N.  Harger, 
one  of  his  best  friends  and  a  former  colleague  of  his  in  the  Indiana 
University  Medical   School,  and  on  a  mission  in  Pakistan,  wrote  from 
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Karachi:  "Many  generations  of  physicians  and  pharmacists  will  always 
be  grateful  for  his  instruction."  He  and  Dr.  Harger  had  worked  together 
in  trying  to  get  proper  poison  legislation  enacted  for  Indiana. 

Dr.  Niles  lived  a  long,  useful  life  of  service  to  education  and  phar- 
maceutical science  in  Indiana. 

Herman  Rudolph  Reichenbach 
Hamburg,  Germany  Anderson,  Indiana 

July  6,  1898  April  20,  1958 

To  the  physicist,  light  and  sound  are  wave  phenomena.  To  the 
painter  light  is  a  study  in  color  effects  and  to  the  musician  sound  is 
a  study  in  tone  effects.  These  effects  produce  psychological  reactions 
which  we  consider  to  be  mental  phenomena.  Does  it  follow  that  art 
and  music  are  just  as  scientific  as  physics  and  psychology?  Herman 
Rudolf  Reichenbach  believed  that  they  were  and  he  spent  much  of  his 
life  trying  to  show  this  relation  between  music  andi  science.  His  ideas 
were  based  on  a  sound  knowledge  of  music,  physics  and  mathematics, 
for  he  had  studied  musicology  and  physics  in  the  University  of  Berlin, 
physics  and  mathematics  in  the  Technische  Hochschule  in  Stuttgart, 
and  he  had  earned  the  Ph.D.  degree  in  music,  physics  and  mathematics 
at  the  University  of  Freiburg.  He  was  a  composer  of  music  and  he 
was  a  skilled  musician  on  the  piano,  clarinet,  saxophone  and  cello. 
He  was  pioneering  in  a  field  that  involves  the  integration  of  knowledge, 
a  field  that  is  fundamentally  important  in  both  science  and  the  humani- 
ties. 

Dr.  Reichenbach  was  born  in  Hamburg,  Germany  on  July  6,  1898. 
He  completed  the  educational  requirements'  for  admission  to  a  university 
before  being  called  into  the  German  Army  in  1917  as  a  radio  engineer 
in  the  Air  Force  in  World  War  I.  He  entered  the  University  of  Berlin 
in  1918,  the  Technische  Hochschule  in  Stuttgart  in  1920,  and  received 
the  doctorate  from  the  University  of  Freiburg  in  1923.  From  1925  to 
1927  he  did  acoustical  work  in  the  University  Institute  in  Berlin  with 
Professor  V.  Hornbostel.  For  the  next  six  years  he  was  Docent  at  the 
State  Academy  for  School  and  Church  Music  and  Director  of  the  Folk 
Music  School,  both  in  Berlin,  and  during  the  last  three  years  he  was 
also  Secretary  at  the  Central  Institute  for  Education  and  Teaching, 
also  in  Berlin.  In  1934  he  became  a  demonstration  lecturer  for  a  radio 
manufacturing  corporation  for  which  he  traveled  in  the  various  countries 
of  Europe  for  the  next  three  years.  In  these  travels  he  collected  folk 
music  of  the  various  countries  for  later  publication. 

Both  he  and  his  brother  Hans  Reichenbach,  an  outstanding  philos- 
opher of  science,  came  to  the  United  States  in  1938.  Herman  accepted 
an  assistant  professorship  in  musicology  in  Mary  Washington  College 
of  the  University  of  Virginia.  In  1948  he  became  Professor  and  Chair- 
man of  the  Department  of  Mathematics  and  Physics  at  Wilson  College 
in  Chambersburg,  Pennsylvania.  He  accepted  a  similar  position  four 
years  later  in  Sterling,  Kansas,  College,  and,  in  1954,  he  came  to 
Anderson  College  as  Professor  of  Physics.  He  was  stricken  with  a 
heart  attack  which  ended  his   life  two  weeks  later  on  April  20,   1958. 
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Dr.  Reichenbach  had  published  a  number  of  articles  in  Germany 
on  music  theory  and  its  history.  He  had  also  composed  music,  mostly 
in  the  field  of  chamber  music.  His  later  interests  were  mainly  in  the 
relationship  between  art  and  science  and  the  mathematical  analysis  of 
musical  works.  He  conducted  seminars  in  which  he  attempted  to  show 
through  musical  works  the  relation  of  art  and  science.  In  the  Fall 
of  1956  he  gave  a  series  of  lectures  at  the  University  of  Melbourne, 
Florida,  and  he  also  gave  an  address  before  the  Kansas  Academy  of 
Science.  He  had  been  a  member  of  the  Indiana  Academy  of  Science 
only  a  short  time  and  was  not  known  to  many  members  of  the  Academy. 
However,  he  gave  a  paper  on  "Arts  and  Sciences"  before  the  Physics 
Division  of  the  Academy   in   1957  which  was  very  favorably  received. 

Dr.  Reichenbach  possessed  an  unusual  mind.  He  was  an  expert  at 
chess  and  had,  as  a  boy,  played  blind  against  champions.  Besides  English 
and  his  native  German  he  spoke  and  read  French,  Italian  and  Russian, 
and  he  also  read  Latin.  While  he  was  a  student  in  Berlin  he  became 
acquainted  with  and  was  profoundly  impressed  by  Albert  Einstein.  His 
brother  Hans  at  that  time,  was  working  with  Einstein  in  Berlin  and 
in  1938  he  came  to  the  University  of  California  at  Los  Angeles  as 
Professor  of  Philosophy.  Both  brothers  received  international  recogni- 
tion for  work  is  their  respective  fields. 

In  the  death  of  this  talented  and  scholarly  man  the  Academy  and 
Anderson  College,  in  particular,  have  suffered  a  genuine  loss. 


Kenneth  Powers  Williams 

Urbana,  Ohio  Bloomington,  Indiana 

August  25,  1887  September  25,  1958 

During  the  past  ten  years,  Kenneth  Powers  Williams  became  widely 
known  nationally  and  was  the  recipient  of  a  number  of  honors  because 
of  his  excellent  work  as  an  author  of  an  extensive  and  exhaustive 
study  of  the  Civil  War  between  the  States.  This  work  entitled  " Lincoln 
Finds  a  General"  was  begun  in  1944  and  was  not  originally  intended 
to  be  more  than  a  magazine  article,  but  as  his  studies  of  the  official 
records  of  the  war  containing  the  reports  of  the  various  generals  in- 
creased, he  determined  to  write  a  comprehensive  and  authoritative 
work.  The  first  two  volumes  of  what  was  intended  to  be  a  seven  volume 
work  appeared  in  1949,  the  third  volume  in  1952  and  the  fourth  volume 
in  1956.  He  had  virtually  completed  the  fifth  volume,  written  under 
great  suffering  from  cancer,  when  his  death  occurred  on  September  25, 
1958.  The  excellence  of  his  work  was  such  that  the  Saturday  Review 
ranked  him  along  with  Douglas  Southall  Freeman  and  Bruce  Catton 
"as   one  of  the  great  triumvirate  of  Civil  War  Historians." 

This  work  began  as  an  avocation  by  Professor  Williams  and  grew 
out  of  the  fact  that  he  had  been  active  since  World  War  I  in  military 
work  along  with  his  mathematical  and  astronomical  studies.  He  enlisted 
as  a  private  in  the  First  Infantry,  Indiana  National  Guard,  in  April, 
1915,   and   was   commissioned   a   First   Lieutenant   of  Infantry   in    1916 
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and  served  on  the  Mexican  border  from  July  to  October  of  that  year. 
He  transferred  to  the  150th  Field  Artillery  during  World  War  I  and 
served  overseas  as  a  Captain  from  October,  1917,  to  July,  1919,  during 
which  time  he  commanded  a  Battery  of  the  42nd  Division.  After  his 
return  to  America  he  served  in  the  Officers  Reserve  Corps,  and  in 
1921  was  appointed  a  Major  in  the  First  Field  Artillery  of  the  Indiana 
National  Guard  and  was  promoted  to  Lieutenant  Colonel  in  1924.  He 
became  Chief  of  Staff  of  the  38th  Division  in  1931  with  the  rank  of 
Colonel.  In  December,  1940,  he  took  over  the  command  of  the  113th 
Battalion,  Quartermaster's  Regiment,  and  a  month  later  was  inducted 
into  World  War  II  service  as  both  Commander  of  the  113th  Battalion 
and  Quartermaster  of  the  38th  Division.  He  retired  from  active  army 
service  on  November  11,  1941.  With  this  background  he  was  indeed 
competent  to  write  "Lincoln  Finds  a  General." 

However,  Kenneth  P.  Williams  was  much  better  known  to  scientists 
as  a  mathematician  and  author  of  several  books  and  many  research 
articles  in  mathematics  and  astronomy.  He  was  an  excellent  mathe- 
matician but  naturally,  due  to  the  nature  of  the  subject,  no  research 
results  could  be  spectacular  or  have  a  cosmopolitan  appeal. 

Kenneth  P.  Williams  was  born  on  August  25,  1887,  in  Urbana, 
Ohio,  and  he  received  his  public  school  education  there.  His  father 
was  Professor  of  Mathematics  in  Urbana  College.  In  1905  Kenneth 
entered  Clark  College,  Worcester,  Massachusetts,  but  transferred  to 
Indiana  University  in  the  Fall  of  1906.  He  received  the  A.B.  degree 
in  1908  and  the  A.M.  degree  in  1909  and  was  immediately  appointed 
an  instructor  in  mathematics.  From  then  on  his  professional  life  was 
devoted  to  service  for  Indiana  University  except  for  the  period  required 
for  graduate  study  to  obtain  the  Ph.D.  degree  from  Princeton  University 
in  1913.  He  advanced  rapidly  in  the  Department  to  Assistant  Professor 
in  1914,  Associate  Professor  in  1919  and  Professor  in  1924,  and  he  was 
Chairman  of  the  Department  from  1937  to  1944.  In  1957  Indiana  Uni- 
versity conferred  on  him  its  highest  academic  award  of  Distinguished 
Service  Professor.  He  retired  on  July  1,  1958,  as  Indiana  University's 
senior  faculty  member  with  39  years  of  service. 

Professor  Williams  did  a  considerable  amount  of  excellent  mathe- 
matical and  astronomical  research  which  was  published  in  the  leading 
mathematics  and  astronomy  research  journals  in  America.  He  was  also 
the  author  of  five  books:  Dynamics  of  the  Airplane,  1921;  College  Alge- 
bra, 1928;  The  Calculation  of  the  Orbits  of  Asteroids  and  Comets,  1934; 
The  Mathematical  Theory  of  Finance,  1935;  The  Transits  of  Mercury, 
1939. 

He  joined  the  American  Association  for  the  Advancement  of  Science 
in  1924  and  was  made  a  Fellow  in  1925.  He  was  active  in  the  work 
of  the  American  Mathematical  Society.  In  the  Mathematical  Associa- 
tion of  America,  of  which  he  was  a  Charter  Member,  he  served  as  chair- 
man of  its  Commission  on  the  Place  of  Mathematics  in  Secondary  Edu- 
cation from  1934  to  1940  and  he  was  a  member  of  its  Board  of  Governors 
from  1945  to  1947.  He  also  served  as  chairman  of  its  Indiana  Section 
in  1933.  He  was  a  member  of  the  American  Astronomical  Society, 
Societe  Astronomique  de  France,  Phi  Beta  Kappa,  Sigma  Xi  and  Scab- 
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bard  and  Blade.  He  was  also  a  member  of  the  American  Legion  and 
the  Masonic  Lodge.  In  the  American  Association  of  University  Profes- 
sors he  served  from  1931  to  1935  as  chairman  of  its  Committee  on 
Required  Courses  in  Education.  He  first  joined  the  Indiana  Academy 
of  Science  in  1910  but  his  membership  was  interrupted  by  war  service 
and  he  became  a  member  the  second  time  in  1945  and  was  made  a 
Fellow  in  1953.  Early  in  his  career  he  presented  papers  before  the 
Academy. 

In  his  later  years  Professor  Williams  received  many  honors  and 
awards  due  largely  to  his  literary  work.  Among  these  were  the  Gold 
Medal  of  the  Society  of  Libraries  of  New  York  University,  the  Diploma 
of  Honor  of  Lincoln  Memorial  University,  the  medal  of  the  Lincoln 
Civil  War  Society  of  Philadelphia,  and  the  first  Indiana  Author's  Award 
by  the  Indiana  University  Writer's  Conference.  Just  a  week  before 
his  death  he  was  awarded  the  Distinguished  Service  Medal  of  the 
Indiana  National  Guard  by  direction  of  Governor  Handley  for  "excep- 
tionally meritorious  and  distinguished  service  for  the  period  1916  to 
1941."  He  was  also  nominated  for  the  Pulitzer  Prize. 

As  a  teacher  Professor  Williams  was  noted  for  his  work  with  grad- 
uate students  for  he  demanded  rigor  and  had  little  use  for  triflers. 
However,  he  was  fair  and  considerate  and  was  popular  with  the  student 
body.  He  received  the  Leather  Medal  presented  by  the  student  group 
Sigma  Delta  Chi  for  outstanding  service  to  Indiana  University.  With 
the  coming  of  Robert  D.  Carmichael  to  Indiana  University  in  1911 
more  emphasis  was  put  on  graduate  study  in  mathematics  and  the 
first  Ph.D.  degree  ever  given  in  mathematics  at  Indiana  University 
was  received  in  1912  by  Cora  B.  Hennel  who  was  a  member  of  the 
mathematics  teaching  staff.  Professor  Williams  was  deeply  interested 
in  the  better  preparation  for  teachers  of  mathematics  and  he  joined 
Professor  Carmichael  in  the  development  of  graduate  study  as  a  means 
of  securing  well  prepared  teachers.  Professor  Carmichael  left  Indiana 
University  in  1915  but  Harold  T.  Davis  came  in  1923  and  during  the 
next  fourteen  years  he  and  Professor  Williams  trained  a  number  of 
Ph.D.  candidates  in  mathematics. 

Kenneth  P.  Williams  will  be  long  remembered  in  Indiana  for  his 
mathematics  teaching  and  research  as  well  as  being  the  author  of 
"Lincoln  Finds  a  General."  He  was  a  most  loyal  citizen  who  served 
his  state  and  his  country  well.  He  had  little  sympathy  with  shallow 
thinking  and  he  lived  a  life  of  uncompromising  integrity.  In  the  words 
of  President  Wells,  of  Indiana  University,  he  "was  a  man  of  great 
heart,  great  intellect,  and  great  spirit." 
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IN  SEARCH  OF  SOME  BLUE-GREEN  WANDERERS 
William  A.  Daily,  Lilly  Research  Laboratories,  Indianapolis 

Many  thousands  of  years  ago,  during  the  great  ice  age,  the  edges 
of  the  maximum  extension  of  each  of  the  last  two  ice  sheets  (Illinoian 
and  Wisconsin)  were  reached  here  in  Indiana.  As  the  last  glacier 
retreated,  many  hundreds  of  glacial  lakes  were  formed  in  northern 
Indiana.  In  most  of  those  same  lakes,  existent  today,  are  found  some 
of  the  blue-green  wanderers  which  are  a  very  important  part  of  the 
planktonic  fresh-water  algae  and  are  components  of  definite  blue-green 
algal  communities. 

Twenty  years  ago  a  study  was  begun  on  the  phytoplankton  found 
in  the  waters  of  Indiana.  This  was  a  part  of  a  project  concerning  the 
morphology  and  taxonomy  of  the  Chroococcaceae,  a  family  of  the  coccoid 
Myxophyceae  or  non-filamentous  blue-green  algae  (1).  The  Myxophy- 
ceae  are  exceedingly  primitive  plants  in  structure  and  their  ancestors 
were  probably  among  the  earliest  of  all  living  organisms.  This  evening, 
very  briefly,  I  wish  to  discuss  the  general  morphology  of  the  planktonic 
blue-green  algae,  their  distribution  in  Indiana  as  well  as  the  species 
composition  of  several  blue-green  communities. 

There  are  two  very  general  groups  of  blue-green  algae  present  in 
the  phytoplankton  of  lakes  and  ponds  in  Indiana.  One  is  the  euplankton, 
the  free  floating  wandering  open-water  microscopic  algae  which  are 
consistently  found  in  many  different  kinds  of  bodies  of  water.  The 
other  group  is  the  tychoplankton  composed  of  the  chance  wanderers 
occasionally  found  in  the  open-water  plankton,  but  are  more  commonly 
found  on  lake  bottoms  in  shallow  water  or  intermingled  in  mats  of 
filamentous  algae  and  other  vegetation.  I  have  chosen  to  use,  the 
terms  "open-water"  and  "shallow-water"  to  designate  these  two  groups. 
Because  no  other  class  of  the  algae  will  be  mentioned  in  this  review, 
all  remarks  will  pertain  to  the  blue-greens. 

Indiana  is  admirably  located  physiographically  for  students  of  the 
fresh-water  algae.  There  is  in  excess  of  a  thousand  lakes  and  ponds 
in  this  state  and  according  to  a  very  late  official  estimate,  the  total  lake 
and  pond  surface  area  of  Indiana  is  approximately  75,000  acres.  A 
few  of  these  lakes  exceed  a  thousand  acres  in  surface  area  and  several 
are  slightly  more  than  a  hundred  feet  in  depth.  The  lake  bottoms  are 
varied,  such  as  clay,  gravel,  marl,  muck,  mud,  sand,  shale  and  stone. 
As  to  types,  there  are  gravel  pit,  strip  mine,  limestone  quarry,  artificial 
reservoir  and  perhaps  of  more  interest  to  me,  the  lakes  of  glacial  origin 
in  northern  Indiana.  The  physico-chemical  nature  of  these  latter  lakes 
is  based  primarily  upon  the  composition  of  the  glacial  drift,  the  exposed 
bed-rock  or  drainage  area.  Most  of  them  are  moderately  hard  or  alkaline 
in  nature  with  a  pH  of  about  8  and  higher.    These  glacial  lakes  contain 

43 


44 


Indiana  Academy  of  Science 


the  greatest  number  of  planktonic  blue-green  species  as  well  as  what 
is   thought  to   be    a   typical    community    of   open-water   plankters. 

To  digress  for  a  moment,  it  is  indeed  sad  to  contemplate  the  fact 
that  ruthless  forces  such  as  the  natural  processes  of  sedimentation  and 
accumulation  of  organic  deposits,  which  led  to  the  destruction  and 
disappearance  of  more  lakes  in  Indiana  than  now  exist,  are  steadily 
and  relentlessly  destroying  the  ones  present  today.  If  for  no  other  rea- 
son, this  should  be  justification  enough  to  collect  and  preserve  plankton 
samples  diligently  on  behalf  of  future  research  studies. 

This  review  is  based  entirely  upon  herbarium  specimens,  all  of  which 
may  be  found  in  the  personal  herbaria  of  Francis  Drouet,  my  own  and 
the  Cryptogamic  Herbarium  of  the  Chicago  Natural  History  Museum. 
Published  records  without  herbarium  specimens  are  practically  worth- 
less, at  least  from  a  taxonomic  standpoint. 

At  this  time,  we  have  collections  from  nearly  300  lakes  and  ponds 
in  Indiana.    Approximately  two  hundred  and  fifty  of  these  contain  at 
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least  one  species  of  blue-green  algae.  Quite  a  few  plankton  collections 
made  by  Dr.  C.  Mervin  Palmer  and  Dr.  David  G.  Frey  and  his  students 
have  aided  in  extending  the  distributional  records  for  Indiana  lakes  and 
ponds. 

In  order  to  assemble  for  study  taxonomic  and  ecological  data,  a 
McBee  punch-card  file  was  begun  and  available  information  was  included 
thereon.  The  physical  features  (acres  of  water  surface,  average  and 
maximum  depth  and  type  of  bottom)  of  the  lakes  were  taken  from  a 
Guide  to  Indiana  Lakes  (4) . 

Now,  a  few  remarks  about  the  general  morphology  of  these  plank- 
ters  are  given.  These  non-flagellated  small  plants  are  a  single  cell,  or 
more  generally,  a  group  of  cells  joined  together  in  a  gelatinous  matrix. 
As  an  illustration,  think  of  a  dozen  marbles  in  a  glass  of  jelly.  Since 
the  plants  are  almost  all  multicellular,  reproduction  is  effected  mainly 


Plate  I.  Figs.  1  and  2.  Anacystis  thermalis  f.  major  (Lagerh.)  Dr.  and  Daily. 
Figs.  3  and  6.  Anacystis  cyanea  ( Kiitz. )  Dr.  &  Daily.  Fig.  4.  Gomphosphaeria 
lacustris  Chod.  Fig.  5.  Gomphosphaeria  Wichurae  (Hilse)  Dr.  &  Daily.  Fig.  7. 
Coccochloris  elabens  (Breb. )  Dr.  &  Daily.  Fig.  8.  Johannesbaptistia  pellucida 
(Dickie)  W.  R.  Taylor  &  Dr.  Fig.  9.  Agmenellum  tliermale  (Kiitz.)  Dr.  &  Daily. 
Fig.  10.    Anacystis  thermalis  (Menegh. )  Dr.  and  Daily  f.  thermalis. 
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by  fragmentation.  No  sexual  reproduction  is  known.  The  cell  is  a  mass 
of  protoplasm  without  a  differentiated  nucleus,  and  bounded  by  a  mem- 
brane. Gelatinous  material  is  secreted  through  this  membrane  to  form  a 
sheath  or  gelatinous  matrix  about  the  cell.  The  protoplasm  contains  vari- 
ous chlorophyll  and  associated  pigments  and,  of  course,  always  the  acces- 
sory blue  pigment,  phycocyanin.  In  some  species,  especially  those  of  the 
plankton,  pseudovacuoles  are  found.  These  are  thought  to  be  gaseous 
in  nature  and  contribute  greatly  to  the  buoyancy  of  the  plants.  It  is 
of  interest  to  note  that  in  the  list  of  250  Indiana  lakes  and  ponds 
containing  myxophycean  representatives,  the  top  six  species  occurring 
in  the  greatest  number  of  lakes  contained  pseudovacuoles.  They  are  all 
microscopic  in  size,  but  on  occasion,  their  accelerated  growth  by  frag- 
mentation may  become  so  dense  as  to  form  so-called  "water  blooms" 
and  may  resemble  patches  of  green  paint  floating  in  the  water.  Several 
years  ago  while  collecting  such  blobs  of  "green  paint"  in  shallow  water 
along  the  shore  of  Starve  Hollow  lake  near  Brownstown,  Indiana,  we 
were  informed  quite  seriously  by  the  caretaker  that  they  were  pieces  of 
paint  scraped  from  the  bottom  of  a  boat. 

The  general  morphology  of  these  interesting  algae  of  which  some 
have  a  world-wide  distribution  is  illustrated  by  the  figures  in  Plates  I 
and  II.1  For  complete  descriptions,  photographic  illustrations,  taxonomic 
discussions  and  citation  of  specimens  see  Drouet  and  Daily  (3).  Figs. 
3  and  6  are  Anacystis  cyanea  (Kiitz.)  Dr.  and  Daily,  apparently  the 
most  commonly  occurring  open-water  plankter  in  lakes  of  Indiana.  This 
alga  has  also  been  known  as  Microcystis  aeruginosa.  The  cells  appear 
black  because  of  the  presence  of  pseudovacuoles  (Fig.  6,  under  high 
magnification).  Under  favorable  conditions,  cell  division  and  reproduc- 
tion by  fragmentation  occur  so  rapidly  that  millions  of  individual  plants 
appear  in  the  plankton  within  a  short  period  of  time.  Those  floating  to 
the  surface  constitute  the  peculiar  mass  called  "water  bloom."  This 
species  is  characterized  mainly  by  the  infinitely  diverse  shapes  it  may 
assume.  This  is  perhaps  the  reason  why  this  plant  has  been  the  favorite 
subject   of   so   many   authors    describing   "new"    species   of   Microcystis. 

Fig.  5,  Gomphosphaeria  Wichurae  (Hilse)  Dr.  &  Daily,  known  to 
many  as  Coelosphaerium  Nagelianum,  is  another  commonly  occurring 
open-water  non-filamentous  plankter.  It  also  generally  possesses  pseudo- 
vacuoles. The  cells  are  ovoid  and  radially  arranged  in  a  fairly  compact 
single  layer  about  the  periphery  of  the  spherical  plant.    With  increasing 


1  Mr.  William  E.  Kruse,  Eli  Lilly  and  Company  prepared  the  lantern 
slides  for  the  address  and  reproduced  and  assembled  the  drawings  for 
Plates  I  and  II. 

Original  drawings  numbered  3-7,  10,  14,  16,  17,  19  and  20  by  G.  M.  Smith 
and   numbers   9   and   18   by   G.   W.   Prescott. 

Plate  II.  Fig-.  11.  Anacystis  dimidiata  (Kiitz.)  Dr.  &  Daily.  Fig-.  12.  Gomphos- 
phaeria aponina  Kiitz.  Fig.  13.  Coccochloris  stagnina  Spreng.  Fig.  14.  Anacystis 
incerta  (Lemm.)  Dr.  &  Daily.  Fig.  15.  Agmenellum  quadruplicatum  (Menegh.) 
Breb.  Fig.  16.  Aphanizomenon  flosaquae  (L. )  Ralfs.  Fig.  17.  Lyngbya  Birgei 
G.  M.  Smith.  Fig.  IS.  Oscillatoria  rubescens  DC.  Fig.  19.  Anabaena  flosaquae 
(Lyngb.)  Breb.   Fig.  20.   Anabaena  circinalis  (Harv.)  Rabenh. 
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age,   the   plants   become   lobed    and    eventually  fragment.     This    species 
frequently  is  found  as  a  heavy  water-bloom. 

Fig.  4,  is  Gomphosphaeria  lacustris,  Chod.,  another  open-water 
form.  Here  too,  the  cells  are  ovoid,  but  generally  arranged  at  some 
distance  from  one  another  at  the  periphery  of  the  usually  spherical  to 
ovoid  plant.  The  gelatinous  stalks  to  the  cells  are  easily  seen  and  the 
cells  are  generally  a  beautiful  light  blue-green  in  color. 

Figs.  1  and  2  at  the  top  of  Plate  I,  illustrate  open-water  variants 
of  Anacystis  thermalis  f.  major  (Lagerh.)  Dr.  &  Daily  known  commonly 
as  Chroococcus  limneticus.  Plant  variant,  Fig.  2,  resembles  a  cube  and 
usually  contains  8  to  128  cells  in  the  colony.  Neither  this  alga  or 
Fig.  4  possess  pseudovacuoles,  but  evidently  the  copious  gelatinous 
matrices  serve  to  keep  them  afloat.  Also,  neither  of  them  have  ever 
been  found   occurring  as   a   bloom,   at  least  in   our   Indiana   collections. 

Figs.  7  to  10  represent  four  taxonomic  entities  which  are  definitely 
shallow-water  plankters.  Fig.  7,  Coccochloris  elabens  (Breb.)  Dr.  & 
Daily  is  generally  found  as  bright  blue-green  gelatinous  balls  or  irregu- 
lar masses  large  enough  to  pick  up  by  hand.  Quite  often  they  may  be 
seen  in  shallow  water  on  mucky  bottoms  of  our  glacial  lakes.  Fig.  9, 
Agmenellum  thermale  (Kiitz.)  Dr.  &  Daily,  a  rather  rare  plankter,  is 
irregularly  quadrangular  with  convolute  margins  and  easily  visible  to 
the  unaided  eye.  They  are  only  one-cell  in  thickness,  but  the  plants 
may  reach  a  length  of  nearly  one  and  one-half  inches. 

Fig.  10  is  Anacystis  thermalis  (Menegh.)  Dr.  &  Daily  f.  thermalis. 
It  is  usually  1  to  8-celled  and  mixed  with  filamentous  algae.  The  sheaths 
are  very  thin  and  sometimes  in  layers. 

Fig.  8,  J  ohannesbaptistia  pelludda  (Dickie)  W.  R.  Taylor  &  Dr., 
seemingly  paradoxical  from  a  morphological  point  of  view,  is  an  ex- 
ceedingly uncommon  marine  and  fresh-water  plankter  and  was  reported 
from  a  fresh-water  habitat  in  North  America  for  the  first  time  in  1947. 
This  was  from  Lake  Wehi,  a  large,  deep  gravel  pit  lake  in  Wayne 
County,  Indiana.  In  spite  of  its  pseudofilamentous  structure,  it  is  best 
left  associated  with  the  coccoid  Myxophyceae. 

Plate  II  contains  the  remainder  of  the  shallow-water  plankters. 
Figure  11,  Anacystis  dimidiata  (Kiitz.)  Dr.  &  Daily,  perhaps  recalled 
by  some  as  Chroococcus  twrgidus,  probably  has  the  largest  cells  of  all 
blue-green  water  forms.  They  measure  from  8  to  50  microns  in 
diameter  and  quite  often  are  enclosed  in  hyaline,  lamellated  sheaths. 
Here  again,  the  collector  should  always  scoop  up  some  of  the  bottom 
debris  in  shallow  water  in  order  to  find  this  alga,  because  a  plankton 
net  catch  will  very  seldom  reveal  it. 

Fig.  12,  Goftiphosphaeria  aponina  Kiitz.  is  another  very  pretty  alga 
usually  found  in  a  net  collection  when  the  net,  while  being  pulled  back 
to  shore  has  riled  the  lake  or  pond  bottom  debris. 

Fig.  13,  Coccochloris  stagnina  Spreng.  is  found  in  small  to  large, 
green  to  brownish,  irregular  gelatinous  masses  floating  at  the  surface 
of  the  water. 
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Anacystis  incerta  (Lemm.)  Dr.  &  Daily,  Fig:.  14,  an  open-water 
form,  is  a  very  small  counter-part  of  Anacystis  cyanea.  It  possesses 
pseudovacuoles  and  at  times  may  form  water  blooms,  but  generally  it 
is  a  very  sparse  part  of  plankton  collections. 

Agmenellum  quadruplicatum  (Menegh.)  Breb.,  Fig.  15,  often  labelled 
Merismopedia  glauca,  is  the  smaller  counterpart  of  Agmenellum  ther- 
male.    It  is  a  flat  plate,  1-cell  thick  and  composed  of  usually  1-64  cells. 

Figs.  16-20  portray  five  open-water  filamentous  species  which  are 
found  in  our  lakes  of  Indiana  and  particularly  the  glacial  ones.  These 
filamentous  forms  consist  of  uniseriate  unbranched  filaments  of  cells 
invested  by  a  common  sheath.  They  belong  to  the  second  of  the  two 
main  divisions  of  the  Myxophyceae.  These  five  species  are  excellent 
floaters  probably  because  of  the  presence  of  pseudovacuoles  within  their 
cells  and  the  long  hair-like  nature  of  the  plants.  The  coiled  character 
of  Anabaena  circinalis  (Harv.)  Rabenh.  (Fig.  20)  and  the  lengthy 
sheaths  of  Lyngbya  Birgei  G.  M.  Smith  (Fig.  17)  also  are  probably 
beneficial  for  floating.  Anabaena  flosaquae  (Lyngb.)  Breb.  (Fig.  19) 
is  present  in  the  great  majority  of  our  glacial  lakes  and  quite  often 
produces  a  bloom  stage.  Fig.  18,  Oscillatoria  rubescens  DC.  is  one  of 
probably  two  filamentous  blue-greens  which  persist  in  the  plankton  all 
year. 

Aphanizomenon  flosaquae  (L.)  Ralfs  (Fig.  16),  another  plankter 
whose  specific  name  implies  water  flower  or  bloom  very  seldom  appears 
as  a  heavy  bloom  in  Indiana,  but  when  it  does  occur,  the  water  appears 
to  be  filled  with  small  pieces  of  finely  chopped  grass.  This  drawing 
illustrates  a  small  colony  of  filaments  which  would  resemble  a  piece 
of  grass  to  the  unaided  eye. 

Now  let  us  turn  to  Plate  III  which  will  aid  in  presenting  the 
present  status  of  work  with  the  phytoplankton  of  Indiana  based  upon 
herbarium  specimens.  We  now  have  collections  from  more  than  half  of 
the  92  counties.  The  dots  in  the  northern  half  of  the  map,  of  course, 
are  based  almost  entirely  upon  glacial  lakes.  The  remainder  are  artifi- 
cial, chiefly.  Prior  to  1938,  only  8  counties  were  represented.  A  solid 
black  dot  signifies  collections  containing  one  or  more  non-filamentous 
species — there  are  38  of  these.  A  circled  black  dot  indicates  non-filamen- 
tous plankter  species  found  previously  to  1938.  Three  of  these  are  in  the 
northern  part  of  the  state,  the  remaining  5  begin  in  Wayne  County  in 
the  east,  moving  westward  through  Marion,  Morgan  and  finally  Vigo 
and  Sullivan  on  the  far  west  side.  There  are  only  8,  which  shows  a 
gain  of  30  counties.  The  letter  "F,"  found  in  only  3  counties,  LaPorte, 
Owen  and  Jay  signifies  filamentous  but  no  non-filamentous  species  pres- 
ent. To  complete  the  picture,  there  are  8  cross-hatched  circles  repre- 
senting lake  collections  which  contained  no  Myxophyceae  whatsoever,  but 
did  contain  other  classes  of  algae.  A  county  dot  may  represent  any 
number  of  collections  from  any  number  of  lakes  and  ponds  in  that 
area.  The  dotted  line  near  the  bottom  of  the  map>  outlines  the  unglaci- 
ated  area  in  which  there  are  very  few  lakes  or  ponds. 
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Plate  III.     Counties    of   Indiana   represented    by    at   least    one   phytoplankton 

collection. 


Plate  IV  portrays  the  distribution  in  the  United  States  of  the  blue- 
green  wanderers  found  in  Indiana.  The  planktonic  filamentous  species 
are  not  included  here  because  a  critical  distributional  study  of  these 
species  has  not  been  made  of  this  group  except  for  Indiana.  Note  the 
dotted  line  which  begins  in  Montana,  continues  eastward  through  the 
Dakotas,    Illinois,    Indiana,    Ohio,    New   York    and    eventually   northern 
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Plate    IV.     A    United 


States    map    showing    states    containing    species    of 
planktonic  coccoid  myxophyceae. 
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New  Jersey.  The  land  above  the  line  was  glaciated.  The  figure  in  the 
center  of  a  state  indicates  the  total  number  of  plankter  species  found 
therein.  Forty-two  states  are  represented  by  at  least  one  plankter. 
Only  4  species  are  represented  in  more  than  half  of  the  states  and 
just  one  of  these  4  is  an  open-water  form,  Anacystis  cyanea.  Indiana 
heads  the  entire  list  by  virtue  of  taxonomic  entities  representing  12 
species.  It  is  worthy  to  note  that  the  5  states  containing  the  4  chief 
open-water  plankters  are  located  within  the  glaciated  area.  The  other 
4  states  are:  Massachusetts,  Ohio,  Michigan  and  Wisconsin.  Ten  of 
the  above  plankters  are  also  recorded  for  the  Canadian  provinces,  the 
range  extending  from  New  Brunswick  in  the  east,  to  British  Columbia 
in  the  far  west.  At  least  two  of  these  plankters  have  been  found  in 
Alaska.  It  cannot  be  too  strongly  emphasized  that  these  distributional 
figures  are  largely  determined  by  the  thoroughness  with  which  a  region 
has  been  studied.  However,  the  presence  of  literally  thousands  of  lakes 
having   a   glacial    origin   undoubtedly   accounts   for  this   picture. 

The  world-wide  geographical  distribution  of  these  non-filamentous 
plankters  is  probably  not  so  unusual,  because  it  is  rather  well  established 
that  completely  asexual-reproducing  organisms  (as  are  the  Myxophy- 
ceae) have  wide  distribution  patterns.  Of  course,  the  rate  of  speciation 
is  much  slower,  but  when  a  single  celled,  asexual-reproducing  organism 
reproduces  so  rapidly  by  simple  cell  division,  the  chances  of  survival, 
species  constancy,  and  dispersal  are  very  great.  As  with  the  diatoms 
(5),  temperature  and  other  factors  of  the  environment  are  important 
to  the  blue-green  plankters  and  inasmuch  as  water  is  less  variable  in 
these  respects  than  the  air  and  soil  environments  are  to  land  plants, 
the  rate  of  survival  is  probably  higher  with  the  algae. 
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Table   1   points   out  the   occurrence   of  the  4  chief  non-filamentous 

TABLE  1 
Non-filamentous,  Open-water  Plankters  In  Glacial  Lakes 

Sand   Gravel   Muck  Marl    Mud     Clay  Totals 
20  22  21  42  42  1  116 

1.  Anacystis    cyanea 

2.  Gomphosphaeria  Wichurae 

3.  Gomphosphaeria  lacustris 

4.  Anacystis  thermalis  f.  major 

open-water  plankters  in  116  glacial  lakes  of  Indiana  based  upon  the 
type  of  lake  bottom.  The  total  number  of  lakes  is  given  with  the 
type,  for  example,  Sand — 20,  Gravel — 22,  etc.  In  the  far  right-hand 
column  are  the  complete  totals.  It  will  be  noted  that  the  top  2  species, 
numbers  1  and  2,  occur  in  nearly  all  of  the  116  lakes.  The  last  2 
plankters  occur  in  approximately  half  of  the  lakes.  It  is  quite  evident 
that  the  4  plankters  are  distributed  fairly  evenly  between  the  various 
types  of  bottom.  The  single  glacial  lake  with  clay  bottom  requires 
additional  collections  for  study  before  the  present  figures  can  be  fully 
explained.  These  figures  are  based  upon  the  occurrence  of  any  one  of 
the  4  algae  at  any  time  of  the  year,  not  upon  all  occurring  simultaneously 
in  the  same  collection.  However,  upon  examining  communities  of  species, 
it  was  observed  that  the  first  2  species  in  this  chart  occurred  simul- 
taneously in  100  lakes;  the  first  3  occurred  together  in  42;  the  first  2 
and  the  last  one  in  44  lakes  and  finally  all  4  together  in  30  lakes.  If 
the  5  open-water  filamentous  forms  are  added  to  this  list,  only  two 
lakes  in  the  state  to  date  have  had  all  9  open-water  blue-green  species 
occurring*  in  the  same  collections.  These  lakes  are  Wawasee  and  Cicott, 
one  of  the  largest  and  one  of  the  smallest  in  surface  area  of  our 
Indiana  lakes. 

In  Table  2,  the  occurrence  of  the  same  4  important  non-filamentous 

TABLE  2 
Occurrence  of  Non-filamentous,  Open-water  Plankters  in  Different  Types 

of  Lakes 


Limestone 

Gravel 

Strip 

Quarry 

Glacial 

A 

rtificial 

Pits 

Mines 

Ponds 

116 

20 

10 

2 

7 

102 

14 

3 

1 

3 

100 

12 

1 

0 

4 

56 

2 

(i 

0 

0 

52 

1 

o 

0 

0 

1.  Anacystis  cyanea 

2.  Gomphosphaeria  Wichurae 

3.  Gomphosphaeria  lacustris 

4.  Anacystis  thermalis  f.  majoi 


open-water  plankters  is  compared  in  the  five  general  types  of  lakes. 
The  number  with  the  name  of  each  lake  type,  refers  to  the  total  number 
of  lakes  chosen  at  random  for  that  category.  The  remaining  numbers 
indicate  the  total  number  of  lakes  in  which  the  organism  appears.    It  is 
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readily  observed  that  the  glacial  lakes,  at  this  time,  support  a  higher 
occurrence  rate  of  these  4  plankters  than  the  remaining  4  types  of  lakes. 
This  is  especially  noticeable  in  the  case  of  algae,  numbers  3  and  4, 
in  which  the  occurrence  rate  is  nearly  50%  greater  in  favor  of  glacial 
lakes. 

The  second  category  of  lakes  referred  to  as  "artificial"  are  man- 
made  reservoirs,  for  example:  Geist,  Freeman  and  Schaffer,  Sylvan, 
Yellowwood  and  Shakamak.  Most  of  these  lakes  have  a  mud  bottom 
and  the  water  is  relatively  soft.  It  is  noteworthy  that  plankters,  num- 
bers 3  and  4,  are  absent  from  the  last  3  categories  of  lakes  and  ponds 
and  almost  entirely  from  the  artificial  lake  column.  Without  doubt, 
these  two  plankters  aid  greatly  in  distinguishing  glacial  lakes  from  all 
other  kinds  of  lakes,  at  least  in  Indiana.  Of  added  interest,  the  3 
artificial  lakes  in  which  these  2  important  plankters  have  been  found 
are  all  in  the  glaciated  area  and  the  pH  of  at  least  one  of  them,  Geist 
Reservoir,  varies  between  7.7  and  8.0  and  this  approaches  the  alkalinity 
of  some  of  our  glacial  lakes  in  the  northern  part  of  the  state. 

In  comparing  20  of  the  116  glacial  lakes  with  the  20  artificial  lakes 
shown  here,  the  picture  for  the  five  open-water  filamentous  plankters 
is  comparable  to  that  of  the  4  non-filamentous  ones  in  that  the  occur- 
rence rate  ranges  from  16  to  90%  higher  in  favor  of  glacial  lakes. 


Table  3  shows  us  a  nearly  complete  listing  of  all  plankters  found 

TABLE  3 

Myxophycean  Plankters  of  Indiana  Waters 


Form 

Plankter 

No.  of 
lakes 

Plankter 

No.  of 
lakes 

Open- 

Anacystis  cyanea 

142 

Lyngbya  Birgei 

93 

water 

Gomphosphaeria 

Wichurae 

12  5 

Anabaena  pos-aquae 

:hi 

Gomphosphaeria  lacust 

ris     64 

Anabaena  circinalis 

82 

Anacystis  thermalis 

f.  major 

55 

Aphanizomenon  flos-aquae 
Oscillatoria  rubescens 

68 

57 

Shallow-  Agmenellum 

water             quadruplicatum 

45 

Anacystis    dimidiata 

30 

Goomphosphaeria 

aponina 

28 

Agmenellum    thermale 

lit 

Anacystis  thermalis 

f.    thermalis 

11 

Coccochloris  elabens 

s 

Coccochloris   stagnina 

r> 

J  ohannesbaptistia 

pellucida 

:i 

Anacystis  incerta 

2 

Anacystis  montana 

f.   minor 

1 

Oscillatoria  tenuis 
Gloeotrichia  echinulata 

Oscillatoria  princeps 
Gloeotrichia  natans 

Lyngbya  aestuarii 
Oscillatoria  Agardhii 
Gloeotrichia  pisum 

Phormidmm  mucicola 
Spirulina  major 

Lyngbya  purpurea 
Oscillatoria  splendida 
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in  200  Indiana  lakes  and  ponds.  Evidently  all  of  the  29  plankters  listed 
belong  singly  or  collectively  at  one  time  or  another  during  the  year 
to  the  Myxophycean  plankton  community. 

There  are  13  non-filamentous  and  16  filamentous  plankters.  The  9 
above  the  dividing  line  are  open-water  forms  while  those  below  it  are 
shallow-water.  The  number  with  each  alga  indicates  the  number  of 
lakes  and  ponds  in  Indiana  in  which  that  particular  kind  of  plant  has 
been  found. 

Now  I  wish  to  discuss  Table  4  which  shows  the  occurrence  rate  of 

TABLE  4 

Myxophycean  Plankton  Communities 

"Open-water"  Plankters 


Percentage                      In 

In 

Occurrence         Glacial  Lakes 

% 

Artificial  Lakes 

% 

80-100%      Anabaena  flosaquae 

100 

None 

Lyngbya  Birgei 

90 

Anacysts  cyanea 

87 

Gomphosphaeria 

Wichurae 

86 

Anabaena  circinalis 

80 

40-S0%         Aphanizomenon  flosaquae  60 
Oscillatoria  rubescens  60 

Gomphosphaera  lacustris    48 
Anacystis  thermalis 

f.  major  44 


Anacystis  cyanea  70 

Anabaena  circinalis  65 

G omphosphaeria  Wichurae         60 


0-40% 


None 


Aphanizomenon  flosaquae 
Oscillatoria  rubescens 


these  plankters  in  some  of  our  Indiana  lakes  and  ponds  and  the  influence 
this  may  have  in  the  establishment  of  two  typical  myxophycean  com- 
munities and  their  compositions. 

A  typical  Indiana  glacial  lake  myxophycean  community  contains 
the  following  species  which  occur  in  over  80%  of  the  116  lakes  studied. 
They  are:  Anabaena  flosaquae,  Lyngbya  Birgei,  Anacystis  cyanea,  Gom- 
phosphaeria Wichurae,  and  Anabaena  circinalis. 

Also  belonging  here  are  those  plankters  possessing  an  occurrence 
rate  of  over  40%,  but  less  than  80%,  which  are  Aphanizomenon  flosaquae, 
Oscillatoria  rubescens,  Gomphosphaeria  lacustris  and  Anacystis  therma- 
lis. I  feel  quite  certain  that  some,  or  perhaps  all  in  the  lower  class 
will  be  in  the  higher  one  when  periodical  studies  are  conducted  for  all 
glacial  lakes. 

As  previously  pointed  out,  all  nine  open-water  plankters  have  oc- 
curred as  a  community  in  the  phytoplankton  of  two  glacial  lakes.  How- 
ever, such  an  abundance  of  species  at  one  time  is  not  necessary  to 
indicate  a  typical  glacial  lake  community. 

A  typical  Indiana  artificial  lake  community  according  to  those  lakes 
chosen  for  that  category  in  this  study  would  probably  contain  the 
following    species:     Anacystis    cyanea,    Gomphosphaeria    Wichurae    and 
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Anabaena  circinalis.  In  spite  of  the  sporadic  occurrence  of  all  nine 
important  open-water  plankters  in  artificial  lakes,  it  is  not  difficult  to 
distinguish  artificial  from  glacial  lakes,  because  the  occurrence  rate  of  the 
top  3  species  is  only  40-80%  instead  of  the  80  to  100%  in  the  glacial 
lakes.  The  next  two  species  occur  in  only  30-35%  of  the  lakes  and  the 
last  four  plankters  in  5  to  15%.  It  is  quite  noticeable  in  the  lake 
communities  that: 

1.  Anabaena  flosaquae,  so  prevalent  in  the  glacial  lake  occurs  in 
only  10%  of  the  artificial.  The  same  is  true  for  Lyngbya  Birgei,  except 
the  percentage  is  15%  in  the  artificial  lake  community  and  90%  for 
glacial. 

2.  The  5  and  10%  occurrence  rate  of  Gomphosphaeria  lacustris  and 
Anacystis  thermalis  f.  "major  respectively  in  artificial  lakes  is  very 
significant,  because  these  two  non-filamentous  plankters  are  chiefly 
glacial  lake  species. 

3.  Generally  speaking,  glacial  lake  communities  will  contain  more 
species  at  one  time  than  the  artificial  lake  communities.  This  ratio  is 
about  7  to  3  in  favor  of  the  glacial  lakes. 

To  my  knowledge,  no  periodical  qualitative  or  quantitative  studies 
of  any  permanent  Indiana  lakes  have  been  made  for  the  phytoplankton. 
However,  in  1951  an  opportunity  was  afforded  me  to  study  a  series  of 
weekly  plankton  collections  made  from  Lake  Wawasee,  our  largest 
lake  of  glacial  origin  in  water  surface  area  (2).  The  earliest  plankton 
net  collection  was  made  on  April  28  and  the  latest  on  October  30.  At 
least  3  species  of  the  open-water,  high-occurrence  rate  category  appeared 
in  all  of  the  weekly  catches.  Four  other  open-water  forms  appeared  a 
little  later  in  the  spring  and  persisted  until  fall. 

There  is  evidence  that  at  least  one  non-filamentous  form,  Gomphos- 
phaeria  lacustris  and  two  filamentous  forms,  Oscillatoria  rubescens  and 
Aphanizomenon  flosaquae  are  found  in  some  glacial  lakes  all  months  of 
the  year. 

In  Indiana,  the  area  in  acres  of  water  surface  of  lakes  and  ponds 
apparently  has  very  little  to  do  with  the  planktonic  species  present. 
The  arbitrary  class  of  5  to  250  acres  of  surface  area,  to  which  the 
great  majority  of  the  lakes  and  ponds  belong,  supports  the  same  number 
of  plankton  species  as  do  those  which  may  exceed  a  thousand  acres  in 
area.  In  fact,  the  class  of  0-5  acres  contains  all  but  one  of  the  13 
kinds  of  non-filamentous  plankters. 

The  maximum  depth  of  200  lakes  and  ponds  reviewed  here  does 
not  seem  to  influence  greatly  the  number  of  species  found  therein.  For 
example,  the  arbitrary  category  of  0-25  feet  contains  all  13  kinds  of 
non-filamentous  plankters.  Only  8  lakes,  7  of  which  are  of  glacial  origin, 
fell  in  this  class.  The  depth  is  not  recorded  for  the  majority  of  the 
small  artificial  ponds. 

In  comparing  the  average  depth  of  these  same  lakes,  including  the 
glacial,  they  are  divided  nearly  equally  between  the  arbitrary  classes 
of  0-25  and  26-50  feet.  Evidently,  the  average  depth  has  very  little 
effect,  or  none,  upon  the  maximum  number  of  plankter  species  present. 
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To  briefly  summarize,  the  species  composition  of  the  planktonic 
myxophycean  communities  of  some  lakes  and  ponds  of  Indiana  has 
been  discussed.  It  is  concluded  that  in  lakes  of  glacial  origin  in  Indiana, 
at  this  time,  there  exists  a  definite  combination  of  species. 

The  artificial  or  man-made  reservoirs  also  support  a  fairly  definite 
and  different  community  of  blue-green  plankters. 

The  list  of  all  known  myxophycean  plankters  and  their  distribution 
in  Indiana  lakes  and  ponds  is  based  upon  herbarium  specimens.  The 
distribution  figures  appearing  on  the  United  States  map  were  also 
noted  from  herbarium  specimens. 

Citation  of  Specimens 

This  is  a  complete  list  of  all  specimens  by  collection  numbers  which 
are  the  basis  of  this  paper:  W.  A.  Daily  5,  15,  16,  82,  92,  861,  862, 
876,  877,  965,  1004,  1005,  1014,  1019,  1022-1024,  1026,  1031,  1035,  1038, 
1039-1041,  1050,  1056,  1062,  1154,  1161,  1162,  1165,  1166,  1168,  1182,  1185, 
1457,  1461,  1465,  1468,  1473,  1474,  1476,  1477,  1479,  1480,  1482,  1485, 
1495,  1503,  1507,  1510,  1514,  1516,  1518,  1522-1524,  1527,  1529,  1533, 
1542,  1544,  1553,  1560-1563,  1566,  1570,  1581B,  1663,  1879,  1880,  1906, 
1910,  1912,  1912A,  1913,  1914,  1914A,  1917,  1917A,  1918,  1919,  1919A, 
1922,  1924,  1931,  1931A,  1932,  1932A,  1933,  1933A,  1934,  1934A,  1936, 
1936A,  1943,  1943A,  1945,  1945A,  1946,  1948,  1952,  1952A,  1954A,  2104, 
2105,  2115,  2115A,  2116,  2119,  2126,  2126A,  2129,  2168,  2169,  2171, 
2174-2177,  2180,  2183,  2190,  2191,  2195,  2203,  2207,  2209,  2211,  2214, 
2217,  2219,  2220,  2222,  2226-2229,  2232,  2238,  2245,  2250,  2258,  2260, 
2262,  2265,  2268,  2270-2275,  2277,  2278,  2325,  2339,  2343,  2357,  2368, 
2375,  2378,  2380,  2386,  2387,  2441,  2433,  2443-2445,  2449,  2450,  2452, 
2454,  2457-2459,  2461,  2462,  2464,  2465,  2467-2470,  2474,  2479A,  2481,  2485, 
2487,  2488,  2490,  2520,  2523,  2524,  2525,  2528,  2530,  2531,  2533,  2539, 
2544,  2546,  2547,  2555,  2558,  2558A,  2559,  2561-2563,  2565-2567,  2569, 
2572,  2573-2576,  2582,  2585,  2588,  2590,  2603-2605,  2614,  2616,  2618, 
2619,  2621,  2626,  2630,  2631,  2636,  2654-2657,  2659,  2661,  2666,  2669, 
2671,  2672,  2674,  2675,  2677,  2678,  2680-2682,  2686,  2687,  2689,  2690, 
2692,  2693,  2741,  2744,  2745,  2747,  2748,  2750,  2751,  2755,  2759,  2760. 
H.  W.  Clark  &  B.  W.  Evermann  27,  41,  52,  255;  Lake  Maxinkuckee, 
31  July,  18  Oct.  1906.  W.  R.  Eberly  1-5,  7,  8;  Myers  Lake,  20  Aug. 
1954;  Kreighbaum  Lake,  7  Aug.  1953.  D.  G.  Frey  1-77.  M.  Fritsche 
1-3,  3A,  4.  S.  A.  Joyner,  Lonidaw  Lake  2,  6,  15,  27,  31,  Aug.  1949; 
Lake  James,  6  Aug.  1949.  L.  J.  King  371,  739.  L.  Lee,  Lagoon  in 
Shades  State  Park,  17  June  1942.  M.  S.  Markle  10.  H.  B.  Metcalf 
2,  3.  E.  E.  Miner  1-26.  J.  McCormick,  Lagoon  11,  21  July,  24  Aug. 
1951.  C.  M.  Palmer  B  18,  B  44,  B  49,  B  49b,  B  50,  B  50(4),  B  54, 
B  420,  B  425,  433,  B  434,  B  435,  B  436,  B  437,  B  1014,  B  1015,  1019, 
72D1,   162,  245;   Winona  Lake,  summer  1935.    B.  H.   Smith   647. 
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Racial  Affinity  of  Prehistoric  Guam.  Louanna  Pettay,  Cadiz,  Ohio. 
— The  aboriginal  population  of  Guam  became  virtually  extinct  following 
European  contact  in  the  sixteenth  century  and  as  a  result  the  present 
population  of  the  Marianas  affords  little  evidence  of  the  relationship 
of  the  Marianas  to  the  remainder  of  Micronesia.  In  the  present  paper 
50  male  crania  from  pre-contact  Guam  are  compared  to  the  racial  types 
found  today  in  Micronesia.  It  must  be  borne  in  mind  however  that  the 
present  population  of  Micronesia  has  undergone  physical  changes  subse- 
quent to  European  contact  and  that  consequently  absence,  or  presence, 
of  similarity  between  cranial  and  living  series  need  not  necessarily 
imply  that  the  same  condition  existed  prior  to  contact. 

Metrically,  the  Guam  series  is  most  comparable  to  an  essentially 
mongoloid  type  found  primarily  in  the  Western  Carolines.  The  crania 
from  Guam  bear  little  resemblance  to  a  negroid  type  found  in  Northeast 
and  Southwest  Micronesia  or  to  a  metrically  generalized  type  occupying 
Central  Micronesia.  It  seems  probable,  partially  on  the  basis  of  geo- 
graphical proximity,  that  this  physical  resemblance  between  the  Mari- 
anas  and    the    Western    Carolines    existed    prior    to    European    contact. 

Physical  Affiliations  of  the  Burkam  Stone  Mound  People.  Joseph 
W.  Young,  Indiana  University. — Although  knowledge  of  the  Stone  Slab 
Mound  Complex  of  the  Ohio  Valley  dates  back  to  at  least  1896,  very 
little  had  been  accomplished  in  placing  it  into  its  proper  temporal 
and  aerial  perspective  until  James  H.  Kellar's  work  in  1956.  No  data 
on  the  affiliations  of  the  physical  type  found  in  association  with  this 
complex  have  appeared  in  print.  The  present  investigation  deals  with 
the  examination  of  the  skeletal  material  from  the  Burkam  Stone  Mounds 
in  Dearborn  County,  Indiana,  which  were  excavated  by  Glenn  A.  Black 
in  1934.  According  to  the  findings  of  Black  and  Kellar,  the  cultural 
manifestations  of  these  mounds  falls  within  the  Early  Woodland  period. 
The  reburial  of  the  scattered  skeletal  material  in  central  pits,  a  few 
associated  artifacts,  and  a  number  of  cord-marked  potsherds  suggest  a 
Adena-Hopewell  relationships.  A  preliminary  examination  of  the  crania 
from  these  mounds  leave  little  doubt  that  they  are  the  remains  of  the 
same  group  as  the  one  that  is  responsible  for  the  Ohio-Hopewell  culture. 
The  skulls  are  dolichocranial,  high-vaulted,  with  faces  of  moderate  dimen- 
sions, and  mesorrhine  nasal  proportions. 
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Genetic  and  Environmental  Factors  Influencing 
Certain  Anthropometric  Traits 

Wolfram  Ostertag,  Indiana  University 


A  major  part  of  bioanthropology  is  concerned  with  group  differences. 
These  group  differences  have  to  have  a  genetical  basis.  They  need  not 
to  be  absolute  in  the  sense,  that  one  group  has  in  all  its  individuals  a 
distinct  set  of  genes,  which  would  make  every  individual  of  this  group 
differ  in  all  these  traits  from  an  inlividual  of  another  human  group. 
All  group  differences  inside  the  species  Homo  sapiens  are  relative, 
that  is,  that  the  groups  merely  differ  in  gene  frequencies. 

To  evaluate  such  differences  it  is  also  necessary  to  know  the  vari- 
ability of  the  observed  traits  in  different  environmental  situations. 

In  the  following  part  of  the  paper,  I  will  try  to  summarize  the 
most  important  data  obtainable  from  genetics,  regarding  the  environ- 
mental variability  of  traits  that  may  be  used  to  differentiate  between 
human  groups. 

II 

The  majority  of  all  traits  depend  not  on  single  but  on  multiple 
gene  action  and  their  exact  modus  of  inheritance  is  unknown.  In  most 
cases  our  knowledge  is  restricted  to  the  fact  that  a  genetical  basis  of 
a  particular  trait  is  established,  that  we  are  sure  the  trait  is  influenced 
by  several  genes,  and  that  the  genes  concerned  may  have  varying 
penetrance. 

Ill 

The  evaluation  of  environmental  consistency  of  different  traits  is 
based  in  Homo  sapiens  on  a  few  limited  sources:  (1)  family  data, 
(2)  population  analysis,  (3)  the  comparison  of  twins.  This  paper  is 
limited  to  the  last  of  these  three  sources. 

Galton  (5)  was  the  first  to  concern  himself  with  the  possibility  of 
a  separation  of  environmental  from  genetic  influences  on  the  basis  of 
twin  comparison.  The  subject  was  taken  up  by  a  large  number  of 
investigators,  notably  Lenz  (9),  von  Verschuer  (13),  Newman  and 
Holzinger.  Galton  still  assumed  that  genotype  +  environment  — 
phenotype,  or  applied  to  twin  comparison,  phenotype  —  genotype  = 
environmental  factors. 

The  main  objectives  of  the  twin  method  are  the  following  seven 
points  summarized  by  Hug   (7): 

1.  Concordance  and  disconcordance  in  twins  depend  on  the  fre- 
quency of  the  tested  trait  in  the  population.  Comparison  of  the  data 
will  give  us  no  estimate  to  what  extent  environment  and  genotype 
play  a  role.  We  have  also  to  take  into  consideration  the  fact  that 
the    intensity    of   environmental    influences    on    identical    twins    is    more 
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or  less  unidirectional  in  the  same  environment,  while  in  fraternal  twins 
the  unidirectional  influences  fall  off,  because  of  gene  differences.  It 
is  also  important  whether  a  trait  is  largely  based  on  recessive  or 
dominant  genes. 

2.  The  possibility  that  interpair  genotype  differences  may  also  ac- 
count for  variations  in  the  degree  of  intrapair  similarity  is  frequently 
overlooked.  The  extent  to  which  a  trait  may  be  conditioned  by  environ- 
ment is  dependent  on  the  genotype  (11). 

3.  Selection  of  measurement  or  observation. 

4.  Errors  in  observation. 

5.  Plasmatic  factors. 

6.  Age  and  sex. 

7.  Modificability  of  a  trait.  The  separation  of  autonomous  and  peri- 
static  variability  is  impossible  to  calculate  (4). 

The  main  difficulty  is  that  genotype  and  environmental  factors  can 
not  be  separated.  Both  condition  each  other.  The  interrelation  is  not 
one  of  a  +  b  =  c,  but  rather  a  C  b  =  c,  where  C  changes  with  b  from 
situation  to  situation.  The  twin  method  might  only  tell  us  something 
about  the  stability  of  a  certain  trait  in  relation  to  environment.  We 
might  be  able  to  distinguish  between  traits  that  are  1)  relatively  stable 
in  regard  to  environment,  2)  traits,  that  are  unstable  and  change  to  a 
large  degree  with  changing  environment,  an  3)  traits  that  are  inter- 
mediate.   For  anthropological  observations  only  stable  traits  are  useful. 

We  come  now  to  the  estimation  of  environmental  differences.  The 
estimation  of  heritability  by  a  comparison  of  identical  twins  with  fra- 
ternal twins  involves  the  assumption  that  the  environments  of  the  two 
members  of  a  set  of  identical  twins  are,  on  the  average,  neither  more 
nor  less  different  from  one  another  than  are  the  environments  of  the 
two  members  of  a  pair  of  dizygous  twins  of  like  sex. 

The  assumption  is  that  differences  in  fraternal  twins  include  genetic 
and  environmental  factors,  whereas  the  differences  in  identical  twins 
include  only  environmental  factors.   This  leads  to  the  following  formula: 

Heritability  (h3)  is  the  intrapair  difference  of  fraternal  twins  (pD") 
minus  intrapair  differences  of  identical  twins  (pM2)  divided  by  the  total 
possible  intrapair  variation  (pD3)  or  expressed  as  a  formula: 

pD2     -     pM2 

h2  = — 


pD2 

As  already  mentioned,  h2  does  not  express  the  percentage  of  heri- 
tability, but  nevertheless  gives  us  an  estimate  of  the  variability  of 
certain  traits  in  respect  to  environment.  Traits  with  a  low  value  for  h2 
are  not  suitable  as  anthropometric  traits. 

The  following  table  1  comprises  values  obtained  from  different 
sources  and  by  means  of  different  statistical  formula.  The  results 
obtained  by  the  above  formula,  which  was  first  applied  by  Holzinger 
and  again  by  Clark  (2)  appear  in  the  first  column.  The  second  and 
third  columns  comprise  data  obtained  by  the  Japanese  Osato  and  Awano 
(10).  The  statistical  formula  for  the  data  shown  in  the  second  column 
are  obtained   by  applying  the  formula  used  by  von  Verschuer   (1927) 
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and  those  in  the  third  column  by  an  application  of  the  formula  of  Lenz 
(Lenz's  Erbkraft).  A  few  results  are  derived  from  Hanna  (6)  and  from 
von  Verschuer  (13). 

TABLE  I 

h2  Values         Genetic  Share     Lenz's  Erbkraft 

Weight    69  45  2,27 

Stature*    88*  57*  4,31* 

Span*    85* 

Sitting  height  72  55*  3,87* 

Bi-iliac  b 59 

Total  arm  1.*   90*  60*  4,99* 

Forearm  1.*   81* 

Hand  length    82*  47  2,50 

Middle  finger  1.*  88* 

Hand  breadth   80*  44  2,21 

(Bi-acromial  br.)    (31)  (40)  (1,77) 

Foot  Length*    81*  54*  3,70* 

Chest  circumf 61 

Waist  circumf (25) 

Neck  circumf 67  43  2,02 

Hip  circumf 63  57*  4,50* 

Midarm  circumf 62 

Head  length 54  58*  4,66* 

Head  breadth    72*  47  2,47 

Minimum  frontal   61 

Bizyg.  breadth    60  52*  3,23* 

Bigonial  br.*   71*  60*  5,03* 

Nose  breadth 66  49  2,81 

Head  height 69 

Total  facial  h 74* 

Upper  facial  h 72* 

Nose  height*  76*  50*  2,98* 

Ear  height 75*  48  2,67 

Ear  breadth 52  (27)  (0,86) 

Head  circumf.*   74*  59*  4,91* 

Cephalic  module   80* 

Cephalo-facial  I    54 

Cephalic  Index    (38)  52  3,30 

Total  facial  I*    72* 

Nasal  Index 50  2,96 

Relative  shoulder  breadth.    .  .  (33) 

Relative  sitting  height 67 

Fingerprint  pattern  int.* 88* 

Palmar  main  line  index 61 

*  Indicates  relative  stable  traits. 

( )  Indicates  unstable  ones. 

The  results  shown  on  table  1  show  remarkable  correlations.  In- 
dependently, if  we  take  calculations  1,  2  or  3,  we  always  get  about  the 
same  picture. 
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The  most  stable  traits  in  relation  to  environment  and  therefore 
suitable  for  anthropometric  observations  and  comparisons  are:  stature, 
span,  sitting  height,  total  arm  length,  forearm  length,  foot  length, 
bigonial  breadth,  total  and  upper  facial  height,  nasal  height,  and  head 
circumference.  Of  the  indices  mentioned  in  the  table  only  fingerprint 
pattern  intensity  shows  a  high  degree  of  environmental  stability. 

Traits,  that  are  relatively  stable  in  relation  to  environment  are  hip 
circumference,  head  length  and  breadth,  bizygomatic  breadth  and  height 
of  ear. 

Traits  unsuitable  for  anthropometric  purposes  are  especially  the 
different  indices:  cephalic  index,  cephalo-facial  index,  relative  shoulder 
breadth,  and  relative  sitting  height. 

From  the  figures  of  table  2  we  may  conclude  that,  with  the  exception 
of  the  last  mentioned  constitutional  index,  all  tested  constitutional 
indices  show  a  very  high  environmental  stability  and  should  be  applied 
more  extensively  in  physical  anthropology. 

TABLE  II 

(no  values  for  h2) 

Genetic  Share  Lenz's  Erhkraft 

Index  of  Pignet — Vervaeck     61*  5,58* 

Index  of  Rohrer 61*  5,41* 

Index  of  Pignet   70*  9,73* 

Index  of  Kamp-Davenport    47  2,57 

*  Indicates  relative  stable  traits. 

A  high  degree  of  environmental  stability  are  shown  in  hair  pig- 
ment concentration,  as  well  as  hair  and  eye  color  (6,  10,  13). 

Still  more  interesting,  and  showing  further  possibilities  for  future 
anthropological  observations  seem  to  be  the  following  traits  which  are 
compared  according  to  concordance  and  disconcordance  alone  (table  3, 
according  to  Osato  and  Awano). 

According  to  table  3,  shape  of  nose,  ear,  and  face  show  remarkable 
concordance  in  identical  twins,  while  fraternal  twins  show  a  high  per- 
centage of  disconcordance.  Together  with  the  following  traits:  shape 
of  eye  brows,  of  fingernails,  and  of  thorax  they  might  give  us  a  better 
substitute  for  the  frequently  applied  indices.  Group  differences  in  all 
these  traits  are  highly  probable.  A  still  wider  field  for  future  anthro- 
pological research  is  opened  in  relation  to  physiology  and  psychology. 
The  mentioned  physiological  traits  show  all  a  strong  genetic  penetrance 
and  also  to  a  great  extent  environmental  stability.  The  only  psychological 
factor  tested,  that  might  help  physical  anthropologists  in  group  com- 
parisons is  mathematical  ability,  which  seems  to  have  a  very  strong 
genetic  background,  and  almost  complete  penetrance.  Further  psycho- 
logical traits  might  be  added  in  future. 

The  biochemical  field,  in  which  beginning  research  was  done  by 
R.  J.  Williams  (14)  also  shows  great  promise.  He  found  environmental 
consistent  traits  that  differed  from  one  individual  to  another  more  than 
100  fold. 
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Summary 

Recent  work  in  various  fields  of  genetics  and  biochemistry  has 
shown  that  several  anthropometric  characters,  which  were  and  still  are 
frequently  used  to  demonstrate  group  differences,  nevertheless  show  a 
high  degree  of  instability  in  respect  to  environment  and  are  therefore 
unsuited  for  the  evaluation  of  group  differences.  The  same  work  showed, 
on  the  other  hand,  that  a  certain  number  of  anthropometric  characters 
can  still  be  used  and  are  suitable  for  certain  purposes.    Several  genetic 
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traits,  which  are  stable  in  regard  to  environment  are  added  to  help  us 
to  get  a  better  picture  of  group  differences,  traits  that  are  not  only 
physical  but  also  physiological  and  psychological.  Further  research  in 
both  human  genetics  and  anthropology  is  urgent.  The  basis  of  environ- 
mental evaluation,  which  until  now  had  been  based  primarily  on  twin 
comparison,  is  rather  questionable  and  unsuited  for  more  accurate 
evaluations. 
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Statistical  Analysis  in  Archaeology 

Edward  V.  McMichael,  Indiana  University 

The  purpose  of  this  paper  is  to  determine  the  extent  of  use  of 
statistical  methods  in  archaeological  analysis.  In  the  broad  sense  of 
the  word,  statistics  can  be  used  almost  synonymously  with  quantifica- 
tion; such  usage  in  archaeological  analysis  is  ubiquitous.  Here  the  usage 
will  be  restricted  to  "sophisticated"  statistics,  which  in  practice  will 
amount  to  the  use  of  correlation  coeficients  or  the  use  of  reliability 
estimates. 

Certain  exclusions  and  restrictions  will  be  observed  a  priori.  In  way 
of  applications,  carbon-14  standard  deviations  will  not  be  considered 
since  this  usage  of  the  statistical  method  stems  from  another  discipline 
entirely  and  is  not  representative  of  archeological  interests  in  statistics. 
Also  any  use  of  standard  deviation  or  other  statistical  devises  in 
connection  with  bio-anthropological  data  authored  by  physical  anthro- 
pologists is  to  be  excluded  for  the  same  reason.  The  area  of  interest 
will  be  restricted  to  the  Americanist  field  simply  as  a  practical  con- 
sideration. 

The  "statistics"  this  paper  will  deal  with  fall  into  two  categories, 
correlations  and  reliability  measures.  The  correlations  encountered  were 
all  of  the  attribute  type,  that  is,  two  by  two  classifications  with  the 
correlation  figure  indicating  the  extent  of  co-occurrence.  These  corre- 
lations may  be  of  several  forms,  e.g.,  Phi,  Q,  Z.  Each  of  these  has  its 
advantages  and  disadvantages,  and  it  is  well  to  investigate  the  char- 
acteristics of  each  before  using  any  of  these  correlations.  A  reliability 
measure  on  the  other  hand  is  concerned  with  the  probability  that  a 
significant  difference  exists  between  two  or  more  samples.  Reliability 
measures  encountered  are:  Chi  Square  (X-),  t,  and  the  Analysis  of 
Variance  (F  ratio). 

To  achieve  a  representative  sample  all  of  the  articles  in  American 
Ajitiquity  were  examined.  The  sum  total  of  these  articles  represents 
the  trends  in  Americanist  archaeology  and  among  American  archaeolo- 
gists for  the  present  purposes,  since  it  is  the  only  professional  journal 
in  the  United  States  devoted  to  American  archaeology.  Also  the  period 
of  the  journal's  existence  approximates  the  mature  period  of  American 
archaeology  (1935  to  date).  Thus,  Volumes  I  through  XXIII  were  ex- 
amined  (1935-1936  to  1957-1958). 

The  precise  method  used  in  this  analysis  was  to  leaf  through  each 
volume  of  American  Antiquity  seeking  any  "sophisticated"  statistical 
applications.  The  results  of  this  procedure  will  be  presented,  in  chrono- 
logical order,  with  a  brief  resume  of  the  methods  used  by  each  author. 

In  Volumes  I  through  V  (1935-1940)  no  articles  containing  statistical 
applications  of  any  kind  appear.  The  first  such  article  is  in  1940  by 
Kroeber  in  which  he  lucidly  discusses  the  merits  and  demerits  of  the  use 
of  statistics  in  archaeological  classification,  and  applies  several  different 
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correlation   coefficients   to   previously  presented   archaeological   data,  in 
two  by  two  box  form  (6).    The  following  coefficients  are  used: 


Phi   :  ad-bc or  /    X2 

V    (a+b)    (a+c)    (b+d)    (c  +  d)  \    N 

Q     :     ad-bc 


W 


ad+bc 

(a+d)    -    (b+c) 

N 


N 
Unfortunately,  Kroeber  becomes  enamoured  of  Z  and  W  whose  possibili- 
ties and  limitations  have  not  been  fully  explored.  In  general,  Kroeber 
would  make  more  application  of  statistics  in  archaeology,  but  he  has 
reservations,  and  points  out  a  number  of  pitfalls  such  as  the  "personal 
equation"  in  description  and  typology.  His  statistical  work  in  this  paper 
confirms  the  previous  investigators'  non-statistical  conclusions,  though 
in  some  cases  minor  divergences  emerge. 

Fairbanks  in  Volume  VII,  uses  Kroeber's  Z  to  compare  the  traits 
of  several  southeastern  shell  mound  cultures  (4).  This  analysis  is  directly 
inspired  by  Kroeber's  article  of  the  previous  year,  and  again  subjective 
impressions  are  largely  borne  out  by  the  statistical  application.  Kroeber 
in  the  same  Volume  returns  to  statistics  to  further  analyze  the  data  of 
another  author  (7).  Again  he  uses  his  Z  coefficient  and  to  good  effect. 
These  earliest  uses  of  statistics  in  archaeology  can  all  be  laid  at  the 
feet  of  Kroeber  and  it  is  understandable  in  the  context  of  the  University 
of  California's  "statistical  phase"  of  the  1930's  and  early  1940's  when 
Driver,  Klimek  and  Kroeber  were  all  applying  statistics  prodigiously  in 
ethnology.  The  spurt  in  the  application  of  statistics  to  archaeology  is 
obviously  inspired  from  this  source. 

Unfortunately,  these  few  early  attempts  largely  went  unnoticed  or 
were  pointedly  ignored.  It  is  not  until  1947  (Volume  XIII)  that 
statistical  methods  again  appear  in  American  Antiquity  in  an  excellent 
article  by  Cook  and  Treganza  in  which  they  chemically  analyze  the 
constituents  of  two  shell  mounds  (3).  They  wisely  apply  some  reliability 
checks  to  their  work.  This  is  principally  what  they  call  a  "critical  ratio," 
which  is  an  equivalent  to  t,  the  formula  being: 

C.  R.     :     difference  between  means     or     Xi-X2 


V  sigmai  sigma2  V  en  a> 

Also,  Chi   Square    (X2)    and  standard  deviations  are   introduced  in  the 
process  of  macro-  and  micro-analysis  of  the  mounds. 

Again  it  is  several  years  before  any  renewed  interest  is  manifested 
in  statistics.  Then  in  1951,  Robinson  and  Brainerd  introduce  their  method 
for  the  chronological  ordering  of  archaeological  deposits  and  the  Co- 
efficient of  Agreement   (2,   10).    The  Coefficient  in  formula  is: 

200 — (Spi-pO     where  pa  is  the  percentage  expression  of  a  type 

within  one  unit 
p2  is  the  percent  of  the   same  type   in 
the  unit  to  be  compared. 
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The  resultant  coefficients  are  tabled  and  clustered  with  the  highest 
coefficients  closest  to  the  diagonal.  This  provides  the  best  chronological 
ordering  of  the  data,  barring  unusual  circumstances.  This  technique 
inspired  Lehmer  (9)  to  suggest  the  use  of  a  mean  standard  error  in  the 
coefficient  calculation  to  minimize  differences  in  sample  size,  but  Robinson 
and  Brainerd  adequately  expose  the  fallaciousness  of  such  a  procedure 
(11). 

Spaulding  makes  a  significant  advance  in  his  "Statistical  Techniques 
for  the  Discovery  of  Artifact  Types"  (12).  He  advocates  the  use  of 
correlation,  citing  Kroeber's  Z,  to  discover  artifact  types.  Spaulding 
then  discusses  problems  of  sampling  and  introduces  several  varieties  of 
X2  as  a  measure  of  reliability.  This  article  in  general  is  quite  excellent; 
one  only  wishes  for  more  development  of  his  methods  with  extended 
practical  applications.  Spaulding's  paper  in  turn  stimulated  Ford  to 
write  a  brief  comment  to  which  Spaulding  replied,  but  this  exchange 
was  more  concerned  with  culture  theory  than  statistics  (5,  13). 

In  the  same  year  (1953),  Belous  reevaluates  the  Central  California 
culture  sequence  which  Heizer  had  established  by  impressionistic  meth- 
ods. Belous  employs  the  Robinson-Brainerd  method  but  uses  non-ceramic 
traits  whereas  Robinson  originally  worked  with  pottery.  Again  the 
statistical  analysis  largely  confirms  the  original  non-statistical  sequence. 

In  1954,  Laughlin  and  Marsh  apply  the  analysis  of  variance,  a 
reliability  measure,  to  archaeological  data  (8).  This  measure  attempts 
to  state  whether  there  is  a  significant  difference  between  the  means  of 
samples,  in  this  case  the  thickness  of  Lamellar  flakes  from  the  Aleutians. 
The  resultant  F  ratio  is  significant  for  the  whole  series,  but  adjacent 
means  are  non-significant. 

The  last  article  included  in  the  designated  time  span  of  American 
Antiquity  is  again  by  Spaulding  in  which  he  discusses  several  methods 
of  testing  the  significance  of  difference  for  carbon-14  dates  (14).  With 
only  two  dates  t  is  used,  and  for  the  example  cited,  a  significant 
difference  is  noted.  For  more  than  two  dates  from  a  supposedly  common 
source,  analysis  of  variance  is  employed,  and  in  the  instance  cited,  no 
significant  difference  is  found.  Spaulding  provides  an  eminently  useful 
method  applicable  to  carbon-14  dating. 

The  above  articles  are  summarized  in  the  following  table.  The 
volume  and  year  of  American  Antiquity  and  the  author  of  any  statistical 
article  is  given;  the  statistical  devices  used  are  indicated  (C  in 
parentheses  denotes  a  correlation  coefficient,  R  indicates  a  reliability 
measure);  and  finally  "Frequency"  gives  the  individual  number  of 
correlations  or  reliability  checks  worked  by  each  author  to  provide  a 
further  index  to  statistical  activity  in  archaeology. 

In  summary  then,  the  use  of  statistical  methods  in  archaeological 
analysis  can  largely  be  reduced  to  a  brief  flurry  caused  by  Kroeber  in 
the  early  1940's,  followed  in  the  early  1950's  by  the  Robinson-Brainerd 
method  of  chronological  ordering,  and  then  by  Spaulding's  statistical 
contributions.  Generally,  statistical  applications  as  seen  in  American 
Antiquity  have  been  sporadic,  but  with  some  increase  in  frequency  of 
articles  concerned  with  the  subject  in  later  volumes. 
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TABLE  1 

Articles  in  American  Antiquity, 

vols.  I-XXIII,  containing  statistical 

applications. 

Vol.  and  Year 

Articles 

Statistic 

Fre< 

I-V,  35-40 

none 

VI,  40-41 

Kroeber 

Q  (C) 
Z   (C) 
W  (C) 

55 
61 

10 

VII,  41-42 

Fairbanks 

Z   (C) 

6 

Kroeber 

Z  (C) 

21 

VIII-XII,  42-47 

none 

XIII,  47-48 

Cook  and 

Treganza 

t  (R) 
X2    (R) 

9 

1 

XIV,  XV,  48-50 

none 

XVI,  50-51 

Robinson- 

Brainerd 

Coef.  of  (C)  Agreement 

185 

XVII,  51-52 

Lehmer 

none 

XVIII,  52-53 

Spaulding 

Z   (C) 

X2    (R) 

3 
17 

Belous 

Coef.  of  Agreement  (C) 

120 

Brainerd- 

Robinson 

none 

XIX,  53-54 

none 

XX,  54-55 

Laughlin  and 

Marsh 

F  (R) 

1 

XXI,  XXII,  55-57 

none 

XXIII,  57-58 

Spaulding" 

t  (R) 
F  (R) 

1 
1 

The  amount  of  statistical  application  in  archaeology  is  pathetically- 
small  considering  the  tremendous  possibilities  in  a  field  requiring  so 
much  quantification.  Furthermore,  all  the  articles  described,  except  the 
one  by  Laughlin  and  Marsh  (8)  are  just  faltering  initial  steps,  more 
concerned  with  giving  examples  than  actually  applying  statistics  to 
archaeological  data  as  a  matter  of  course. 

Archaelogists  are  prone  to  make  much  ado  about  the  scientific 
nature  of  their  field.  They  proceed  with  utmost  caution  and  care  in 
their  field  excavations,  making  a  virtual  fetish  of  "Scientific  methods." 
And  then  what?  They  proceed  to  analyze  the  data  thus  recovered  in 
antiquated  and  subjective  fashion,  ignoring  the  possibilities  of  up-to-date 
quantitative  analysis,  namely  statistics  and  allied  methods.  And  just 
why  is  this  ?  For  the  most  part  it  seems  to  reside  in  the  archaeologist's 
lack  of  knowledge  and  understanding  of  statistics.  This  lack  is  usually 
covered  up  by  defensive  arguments  against  the  use  of  statistics,  such 
as  "statistics  dehumanizes  archaeology  and  reduces  everything  to  num- 
bers" a  most  absurd  argument  in  view  of  the  already  dehumanized 
nature  of  a  good  portion  of  archaeology.  Statistics  is  a  means  not  an 
end;  the  results  must  be  interpreted  just  as  in  any  other  type  of 
analysis.    In   short,   statistical   analysis  need   be   no  more   dehumanized 


Anthropology  69 

than  any  other  type  of  analysis.  Another  argument  may  be  called  the 
"much  ado  about  nothing"  position;  that  after  all  is  said  and  done  in 
statistical  analysis,  one  is  no  more  sure  of  his  results  than  before.  But 
proponents  of  this  line  of  argument  merely  demonstrate  a  lack  of  under- 
standing of  scientific  method;  science  proceeds  by  successive  approxima- 
tions of  the  truth  and  at  least  statistical  methods  provide  a  more 
objective  method  of  approaching  an  answer  than  the  more  commonly 
employed  subjective  approach.  Even  though  the  statistical  analysis  re- 
ported in  these  several  articles  in  American  Antiquity  merely  substanti- 
ate subjective  conclusions,  it  should  be  emphasized  that  minor  differences 
were  frequently  noted,  and  it  is  here,  in  uncovering  minor  nuances,  that 
one  value  of  statistical  analysis  lies. 

Enlightened  application  of  statistics  to  problems  in  archaeology 
has  much  to  offer  the  field;  indeed  the  accumulation  of  more  and  more 
archaeological  data  will  make  statistical  analysis  more  and  more  a 
necessity,  not  just  a  convenience.  This  is  not  to  say  that  everything 
must  be  analyzed  statistically;  this  would  probably  be  as  bad  or  worse 
than  no  statistics.  But  incorporation  of  statistical  methods  into  archae- 
logical  analysis  should  be  regarded  as  another  tool  to  be  used  on 
appropriate  occasions.  Such  use  would  enhance  the  value  of  archae- 
logical  analysis  considerably  and  would  greatly  strengthen  the  con- 
clusions of  the  field. 
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Pagan   Marriage   Practices   in   Guatemala 

Francis  X.  Grollig,  Indiana  University 

When  we  speak  of  pagan  in  reference  to  Guatemaltecan  Indians, 
we  understand  that  most  of  these  Indians  are  baptized,  and  therefore, 
in  the  theological  sense  of  the  word,  they  are  not  pagans.  But  those 
who  are  without  training  have  some  elements  in  their  creed,  code,  and 
cult,  which  are  definitely  not  christian.  Current  usage  sanctions  the 
term,  and  it  refers  to  the  connotation  of  the  words  rather  than  their 
denotation.  Perhaps  it  would  be  better  to  call  them  "Superstition 
Indians."  In  this  frame  of  reference,  however,  we  can  speak  of  the 
"pagan  marriage  practices"  found  in  San  Miguel  Acatan. 

A  bride  price  is  paid  by  the  father  of  the  boy  to  the  father  of 
the  girl.  This  amounts,  in  total,  to  twenty  or  thirty  dollars.  If  however, 
the  father  of  the  boy  cannot  afford  to  pay  the  stipulated  amount,  then 
the  boy  goes  to  work  for  the  father  of  the  girl  for  two  or  three  years. 

As  far  as  residence  is  concerned,  this  arrangement  usually  means 
the  boy  moves  into  the  house  of  the  father  of  the  girl  for  two  or  three 
years.  It  takes  so  long,  because  the  father  of  the  girl  supports  the  two 
of  them,  and  it  is  only  the  excess  of  the  work  (after  repaying  for 
their  support)  that  accrues  to  wipe  out  the  debt.  When  the  debt  is  paid, 
the  young  pair  moves  into  the  house  of  the  boy's  father,  or  into  a  new 
house.  Usually,  it  is  into  the  boy's  father's  house;  it  stands  to  reason 
that  if  they  do  not  have  enough  to  pay  the  bride  price,  they  won't  have 
ten  times  that  amount,  the  sum  needed  to  build  a  new  house. 

If,  however,  the  bride  goes  home  to  mama  after  they  move  out 
of  her  father's  house,  her  father  has  to  pay  for  all  of  the  work  done 
by  the  boy  during  their  stay  at  the  girl's  family's  residence. 

The  informant,  Juan  Pedro  Mendez,  recalled  one  unique  case  in 
which  a  man  paid  twice  for  the  same  bride.  For  some  reason  she  went 
home  after  they  had  started  to  live  together.  He  had  paid  ten  dollars 
for  her  in  the  first  place,  and  really  wanted  her  to  be  his  wife.  So  he 
paid  the  same  amount  the  second  time. 

A  usual  procedure  here  is  for  the  father  of  the  boy  to  ask  the 
father  of  the  girl  if  a  marriage  can  be  arranged.  He  offers  a  voluntary 
amount,  and  the  father  of  the  girl  thinks  it  over.  It  is  generally  wise 
to  accept  the  offer,  because  if  it  is  refused,  the  boy  will  steal  his  bride 
by  kidnapping  her  or  eloping  with  her. 

If  the  girl's  father  agrees,  the  boy's  father  pays  ten  to  fifteen 
dollars  in  cash  and  gives  bread,  coffee,  and  liquor  to  the  girl's  family. 
The  boy's  father  also  offers  his  costumbre  sacrifice — candles,  copal  and 
ocote,  burned  in  his  house  and  at  the  church — to  give  thanks  for  a  wife 
for  his  son. 

In  discussing  marriage  practices,  it  must  be  remembered  that  about 
80%  to  85%  of  the  people  in  the  pueblo  are  not  married  either  civilly 
or  civilly  and  ecclesiastically;  they  are  just  living  in  unions  that  last  for 
a  longer  or  shorter  time. 
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Wedding  Feast,  September  20,  1958 

This  morning  there  were  three  weddings  in  the  church  at  the  7 
o'clock  mass.  The  ritual  followed  is  that  of  the  Rite  of  Toledo — the 
symbolic  chain  is  placed  about  the  necks  of  the  bride  and  groom,  and 
an  offering  of  13  two-cent  pieces  is  made  as  a  part  of  the  ceremony. 
The  present  Vice  Rector  of  the  Catholic  University  of  San  Juan,  Puerto 
Rico,  says  this  symbolizes  the  bride  price,  but  there  are  those  who 
disagree. 

Then  we  went  to  one  of  the  three  wedding  breakfasts.  We  visited 
the  second,  and  the  third  was  out  in  the  aldea  of  Paiconop. 

At  the  wedding  breakfast  we  attended,  there  were  two  tables  set 
with  nice  white  cloths.  In  the  center  of  each  was  a  huge  pile  of  slices 
of  bread.  There  were  about  twenty  places  set  at  each  table.  The  place 
of  the  padre  was  moved  over  a  little  bit,  and  then  a  second  place  was 
set  next  to  it  for  the  second  padre.  They  sat  at  the  end  of  one  table, 
and  could  see  all  of  the  guests.  An  individual  tamale  (maize  and  pork, 
baked  in  a  banana  leaf)  was  served  hot  to  each  guest.  Some  ate  with 
spoons,  some  with  forks.  The  native  reserve  of  the  Indians  came  out 
at  its  best — the  meal  proceeded  in  silence,  almost. 

With  just  a  word  of  encouragement,  the  marimba  team  went  into 
action.  The  five  men  got  a  lot  of  cheery  music  out  of  the  instrument, 
which  has  40  keys.  Then,  when  they  were  finished,  there  was  another 
bit  of  silence  until  they  began  to  play  again.  Somebody  slipped  a 
tamale  off  of  the  table  onto  the  floor,  and  one  little  boy — quite  con- 
tentedly— had  his  breakfast  home  style,  because  most  homes  are  without 
tables. 

By  this  time  the  first  set  of  guests  had  quaffed  the  last  bit  of  their 
cup  of  chocolate,  finished  their  breakfast,  and  was  ready  to  give  place 
to  the  next  set  of  guests. 

There  seems  to  be  no  formality  about  wandering  into  the  house, 
for  along  the  two  walls  nearest  the  door,  there  were  quite  a  few  men, 
women  and  children,  not  counting  the  babies,  who  were  just  watching. 

The  bride,  decked  out  in  the  finery  of  a  fiesta  blouse  and  its  lace 
trimmings  and  the  accompanying  (ankle  length)  corte,  seemed  to  enjoy 
the  breakfast  as  did  all  of  the  other  guests.  Like  the  other  guests, 
she  said  practically  nothing,  and  at  times  there  stole  into  her  eyes  a 
far  away  pensive  look.  The  groom  was  dressed  in  neat  Ladino  clothes 
and  drew  leisurely  on  the  cigarette  the  padre  offered  him. 

Meanwhile,  out  in  the  little  cook  house  behind  the  breakfast  hall — 
an  adobe  house  not  quite  completed — a  corp  of  about  eight  women  tended 
the  wood  fires,  stirred  the  pottery  jars  of  cocoa,  and  kept  the  hot 
supply  of  tamales  coming  out  to  meet  the  demands  of  the  newly  placed 
guests:  a  delightful  celebration  that  will  go  on  all  day.  One  couple 
had  to  interrupt  their  celebration  to  go  to  the  huzgado  to  get  civilly 
married — a  detail  they  were  supposed  to  take  care  of  yesterday,  accord- 
ing to  the  law,  but  neglected  to  care  for. 


The  Political  Organization  of  the  Tewa  Indians 

Maneck  S.  Wadia,  Indiana  University 

The  Tewa  Indians  comprise  the  pueblos  of  Hano  (Hopi  First  Mesa) 
Nambe,  Santa  Clara,  San  Ildefouso,  San  Juan  and  Tesuque.  With  the 
exception  of  Hano,  this  report  encompasses  all  these  pueblos  and  par- 
ticularly Tesuque  Pueblo.  The  political  organization  of  the  Tewas,  with 
its  hierarchy  of  officials,  shows  a  strong  Spanish  influence.  In  the  system 
of  secular  government  the  Indians  have  borrowed  quite  heavily  from 
the  dominant  European  culture.  The  Spanish  type  system  of  political 
organization  was  incorporated  into  Pueblo  life,  since  a  new  series  of 
relationships  with  the  outside  world  became  necessary.  The  Spanish- 
introduced  system  was  accepted  by  the  Indians  to  provide  for  some  body 
of  officials  who  would  act  in  these  capacities.  The  secular  government 
was,  and  still  is  to  a  very  large  extent,  under  the  direct  supervision  and 
control  of  the  religious  hierarchy,  as  are  most  other  aspects  of  Tewa 
culture.  Since  the  Pueblos  have  continued  to  need  contact  men  with 
the  outside  dominant  culture  ever  since  the  Spanish  settlement  of  the 
area,  it  is  not  surprising  to  find  that  the  European  introduced  system 
of  government  still  persists  and  that  the  governing  officials  continue  to 
play  a  dual  role — secular  and  religious.  Some  of  the  governing  officials 
have  greater  religious  duties  than  others,  but  each  office  combines  certain 
secular  as  well  as  certain  religious  duties  and  responsibilities. 

The  official  who  holds  the  highest  religious  as  well  as  secular  rank 
in  each  pueblo  is  the  head-man  or  Cacique.  The  following  will  help  to 
explain  the  hierarchy  of  officials: 

CACIQUE 


LEFT-HAND  MAN 


RIGHT-HAND  MAN 


GOVERNOR 


PRINCIPLES 


LIEUTENANT  GOVERNOR 


.TREASURER 


FISCALE 

! 

LIEUTENANT  FISCALE 

I 

GROUP  OF  HELPERS 

(Little  Fiscales) 


WAR  CAPTAIN 
LIEUTENANT  WAR  CAPTAIN 

I 

GROUP  OF  HELPERS 
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Council — The  above  officers,  with  the  exception  of  the  Group  of  Helpers, 
form  the  executive  governing  Council.  The  term  "executive"  is  used  since 
these  officers  are  present  at  each  Council  meeting,  whereas  the  rest  of 
the  adult  males  in  the  pueblo,  though  eligible  to  sit  and  vote  in  the 
Council,  are  not  obliged  to  exercise  this  right.  The  Council  has  to  be 
unanimous  in  its  decisions  before  it  can  take  any  action.  There  is  a 
great  deal  of  debating  and  sometimes  tempers  are  lost  before  the 
Council  reaches  a  decision.  Sometimes  the  Council  may  fail  to  reach 
a  unanimous  decision,  but  this  does  not  happen  very  often,  since  usually 
the  Council  members  follow  the  opinions  and  judgments  of  their  Cacique. 
The  Council  meetings  are  held  in  the  kiva. 

The  governing  officials  may  be  elected  from  both  the  conservative 
as  well  as  the  progressive  factions  of  the  pueblo.  However,  since  the  con- 
servative faction  holds  more  religious  power  and  since  the  secular  gov- 
ernment is  to  a  large  extent  controlled  by  the  religious  hierarchy,  the 
conservative  faction  tends  to  dominate  the  secular  government  in  most 
Pueblos.  The  important  secular  officials  are  older  men  who  hold  various 
offices  in  religious  societies.  These  officials  hold  the  high  offices  in  the 
secular  government  as  a  result  of  their  high  status  in  the  religious 
life  of  the  pueblo. 

Cacique — There  are  two  head-men  or  Caciques,  one  belonging  to  the 
Summer  moiety  and  the  other  to  the  Winter  moiety.  The  Caciques,  are 
a  part  of  the  secular  government  as  well  as  the  heads  of  the  religious 
societies  which  control  the  secular  officers.  Every  January  the  Caciques 
jointly  nominate  the  officials  for  election. 

A  head-man  may  inherit  his  office  or  be  appointed  to  it.  The 
inheritance,  however,  is  not  through  blood  ties,  but  as  follows:  Each 
chief  has  two  assistants,  one  who  sits  on  his  right  (  the  right-hand  man) 
and  one  who  sits  on  his  left  (the  left  hand  man)  at  the  ocuncil  meetings. 
At  the  death  of  the  Cacique,  the  right-hand  man  inherits-  his  religious 
and  thereby  also  his  secular  office.  The  left-hand  man  becomes  the  right- 
hand  man  of  the  new  Cacique,  and  the  new  Cacique  appoints  a  left-hand 
man  to  take  his  place.  All  these  inheritances  are  subject  to  the  approval 
of  the  Council,  but  once  approved  of,  the  Cacique  is  appointed  for  life. 
Technically  the  Council  has  the  power  to  depose  him;  but,  since  the 
Council  has  to  be  unanimous  in  its  decisions,  before  it  can  take  any 
action,  and  since  the  head-man  is  very  powerful  both  in  the  religious 
as  well  as  the  secular  hierarchy,  he  is  rarely,  if  ever,  deposed.  Though 
the  informants  are  not  unanimous  on  this,  it  is  said  that  a  Cacique,  if 
deposed,  has  to  be  executed.  The  responsibility  for  such  an  execution 
falls  upon  the  War  Captain.  Since  this  presents  more  difficulties  in  the 
present  environment,  the  Caciques'  appointment  is  of  a  more  permanent 
nature  than  it  was  in  the  past. 

The  Cacique  is  the  presiding  priest  of  his  moiety.  He  is  chosen  on 
the  basis  of  his  religious  knowledge  and  his  character.  Each  Cacique  is 
responsible  at  all  times  for  the  welfare  of  the  people  belonging  to  his 
moiety.  But  as  far  as  the  religious  as  well  as  secular  welfare  of  the 
whole  pueblo  is  concerned,  the  Winter  Chief  is  responsible  for  all  affairs 
of  all  the  people  in  the  pueblo  from  November  through  March,  and  the 
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Summer  Cacique  takes  charge  from  April  through  October.  Though 
there  is  no  question  of  rank  between  the  two  Caciques,  and  though  each 
rules  unmolested  by  the  other  in  his  own  season,  the  Summer  Cacique 
seems  to  be  held  in  greater  esteem  by  his  people  in  Tesuque  and  Nambe. 

Once  he  comes  to  office,  the  head-man  is  practically  a  dictator, 
though  a  benevolent  one.  The  officers  nominated  by  the  head-man  are 
always  elected  by  the  Council.  The  Cacique  in  power  also  has  the  right 
to  depose  any  official.  The  head-man  makes  the  major  decisions,  but 
he  always  sits  with  the  Council  and  discusses  all  the  matters  with  the 
Council  members.  Though  he  makes  the  major  decisions,  he  cannot  put 
them  into  effect  without  the  complete  approval  of  the  Council.  He  has 
to  be  impartial  in  exercising  his  authority  and  control  his  temper  at  all 
times,  and  hence  he  avoids  any  personal  interferences  in  the  settlement 
of  disputes  between  individuals  or  groups  within  or  without  the  pueblo. 

The  Caciques  conduct  many  ceremonials  and  rituals  and  are  the 
custodians  of  many  religious  paraphernalia.  They  are  highly  respected 
and  wise  in  the  ways  of  the  world,  and  have  the  interest  of  their  people 
at  heart.  Otherwise,  they  would  not  be  holding  such  high  offices.  Their 
character  and  ability  are  such  that  it  is  not  difficult  for  the  Council  to 
back  them  up  one  hundred  per  cent.  The  Caciques  are  excused  from 
community  labor,  and  the  only  other  reward  they  expect  for  their  services 
is  the  personal  satisfaction  they  obtain  from  finding  solutions  to  the 
problems  facing  the  peoples  of  their  pueblo. 

The  Right-Hand   Man  and  the  Left-Hand   Man 

Each  Cacique  has  a  Right-Hand  Man  and  a  Left-Hand  Man,  who 
belong  to  the  same  moiety  as  their  Cacique.  Though  these  men  may  be 
nominated  and  elected  every  year,  they  usually  continue  in  this  office 
until  the  death  of  the  Cacique.  They  are  a  part  of  the  executive  Council 
only  during  the  season  of  their  moiety's  Cacique.  If  the  Cacique  is 
sick  or  is  too  old  to  perform  his  duties,  the  Right-Hand  Man  takes  over 
some  of  his  burdens.  The  office  of  the  Right-Hand  Man  is  very  much 
like  an  apprenticeship  for  the  office  of  Cacique. 

Governor — At  the  time  of  appointing  a  new  Governor,  the  Cacique 
nominates  one  of  the  Principales,  usually  according  to  his  turn.  The 
Governor  who  has  completed  his  term  of  one  year,  becomes  a  Principale 
and  may  expect  to  be  re-elected,  usually  three  years  hence,  when  it  will 
be  his  turn  again  to  serve  as  Governor.  If  the  Governor  dies  while  in 
office,  the  Cacique  nominates  one  of  the  Principales  and  he  is  elected  to 
office.  The  Governor's  office  is  symbolized  by  the  silver-headed  canes, 
presented  to  him  at  the  time  of  his  election.  These  canes  are  kept  in 
full  view  at  the  Governor's  house,  hanging  on  the  living  room  wall  along 
with  a  whip.  The  canes  are  carried  by  the  Governor  at  important 
occasions,  both  religious  and  secular. 

Though  the  Governor  rarely  makes  any  major  decisions,  he  has 
considerable  authority.  This  authority  stems  from  the  office  he  holds 
rather  than  the  man  who  holds  the  office.  Most  Governors  are  old  men 
who  usually  speak  faltering  English  and  know  little  about  the  things 
happening  outside  their  realms  of  duty. 
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Next  to  the  Cacique,  the  Governor  is  the  most  important  person 
in  the  secular  government.  While  he  holds  office,  his  authority  is  seldom 
questioned  and  his  orders  are  implicity  obeyed.  He  gives  orders  for, 
and  often  directs  and  supervises  personally,  the  many  community  proj- 
ects, such  as  the  digging  of  irrigation  ditches,  cleaning  the  pueblo,  and 
building  the  fences.  The  Governor  also  serves  as  the  mouthpiece  of 
the  Council.  All  announcements  of  secular  as  well  as  religious  nature, 
come  through  the  office  of  the  Governor.  He  has  to  make  speeches, 
upon  public  occasions  such  as  funerals,  marriages,  and  parent-teacher 
meetings.  It  is  the  Governor  who  settles  disputes  between  individuals 
and  groups  in  the  pueblo  and  often  sits  in  court  with  other  officers  of 
the  Council  to  try  cases  of  misdemeanors.  The  Governor  is  paid  no 
compensation  for  his  services  except  for  the  fact  that  he  is  excused 
from  community  labor. 

The  Governor  of  each  Tewa  Pueblo  takes  part  in  the  meeting  of  the 
All  Pueblo  Council.  Since  these  meetings  are  conducted  in  English,  he 
takes  along  an  interpreter,  usually  the  Lieutenant  Governor.  If  an 
important  decision  has  to  be  made  at  the  All  Pueblo  Council,  the  Gov- 
ernor does  not  have  the  authority  to  commit  his  people  without  first  con- 
sulting his  Council,  since  he  cannot  make  any  decisions  or  take  any 
action  without  the  full  approval  of  the  Council.  Formerly,  the  Gov- 
ernors acted  as  the  liaison  officers  between  the  pueblo  and  the  outside 
world.  At  present,  the  Summer  Caciques  usually  formulate  the  pueblo 
policies  concerning  the  outside  world  and  take  upon  themselves  the 
responsibility  of  acting  as  Liaison  Officers.  For  the  benefit  of  the  out- 
siders, the  Governor  is  often  glorified  to  draw  attention  away  from  the 
Caciques. 

Principales — There  are  two  or  three  Principales  in  the  Council.  They 
are  ex-Governors  and  from  them  a  new  Governor  is  chosen  every  year. 
The  Governor  reverts  back  to  the  status  of  a  Principale  after  serving 
his  term  of  office,  and  hence  technically,  one  can  say  that  there  are  three 
or  four  Principales,  counting  the  Governor,  in  the  Council.  The  office 
of  the  Governor  rotates  among  them,  though  in  one  pueblo,  the  Cacique 
appointed  himself  Governor.  The  Principales  are  appointed  by  the 
Cacique,  and  elected  by  the  Council,  by  virtue  of  their  religious 
positions  in  certain  societies. 

The  Principales  are  older  men,  respected  for  their  age  and  knowledge 
of  their  own  people.  They  take  a  very  active  part  in  the  discussions  at 
the  Council  meetings,  though  their  major  function  in  the  secular  govern- 
ment of  the  pueblo  is  to  act  in  an  advisory  and  executive  capacity.  The 
only  compensation  they  get  for  their  services,  is  exemption  from  com- 
munity labor. 

Lieutenant  Governor — As  the  very  name  of  this  office  implies,  the 
Lieutenant  Governor  is  the  assistant  of  the  Governor.  He  is  usually  a 
young  man  and  often  acts  as  the  interpreter  for  the  Governor.  Along 
with  the  Governor,  he  attends  the  meetings  of  the  All  Pueblo  Council. 
He  sees  to  it  that  the  orders  of  the  Governor  are  obeyed,  and  that  the 
people  of  the  pueblo  carry  out  their  duties  towards  the  community. 
Except  for  the  Treasurer,  he  is  perhaps  the  most  secular  officer,  for  he 


76  Indiana  Academy  of  Science 

has  few,  if  any,  religious  duties.  He  is  nominated  to  his  office  by  the 
Cacique  and  is  elected  by  the  Council  for  a  period  of  one  year.  He 
supervises  communal  work  and  assists  in  it  in  the  capacity  of  a  'foreman.' 
His  most  important  duty  is  that  of  a  'sheriff' — the  law  enforcement  officer 
of  the  pueblo. 

Fiscales,  Lieutenant  Fiscale,  Group  of  Helpers. — The  Fisacles  are 
in  charge  of  the  upkeep  and  maintenance  of  the  Catholic  church  and 
all  ceremonials  connected  with  it.  They  see  to  it  that  the  church  is 
kept  clean  and  is  in  good  condition  and  that  the  church  is  provided 
with  its  share  of  the  community  produce.  One  of  the  Fiscales,  usually 
the  Lieutenant  Fiscale,  acts  as  a  'town  crier.'  He  goes  from  house 
to  house  to  relay  messages,  usually  coming  from  the  Governor,  such 
as  the  time  of  Council  meetings.  The  Fiscales  also  take  an  active 
part  in  the  organization  of  dances  which  are  open  to  tourists.  Their 
chief  duty,  however,  is  to  bury  the  dead  and  take  care  of  the  graveyard. 

The  Little  Fiscales  may  be  appointed  by  the  Council  without  previous 
nomination  by  the  Cacique,  whereas  the  Fiscale  and  his  Lieutenant  are 
first  nominated  by  the  Cacique  and  then  elected  by  the  Council  for  a 
period  of  one  year. 

War  Captain,  Lieutenant  War  Captain,  Group  of  Helpers — The  War 

Captain,  his  Lieutenant  and  Helpers  form  a  semi-independent  group 
from  the  Council.  Though  the  War  Captain  and  his  Lieutenant  are  part 
of  the  executive  Council  they  take  comparatively  little  interest  in  the 
secular  government.  The  War  Captain's  group  works  in  close  cooperation 
with  the  Cacique.  They  carry  out  the  Cacique's  orders,  rather  than 
those  of  the  Governor,  since  their  orders  come  most  often  directly  from 
the  head-man.  The  War  Captain's  group  is  in  charge  of  all  ceremonials 
and  customs  connected  with  the  native  religion.  In  consultation  with 
the  Caciques,  they  make  the  necessary  arrangements  for  the  religious 
and  secular  dances,  for  adoptions,  retreats,  and  other  religious  cere- 
monies. They  guard  the  person  of  the  Cacique  during  religious  cere- 
monies, and  also  the  kiva  and  sometimes  the  whole  pueblo  when  sacred 
ceremonies  are  being  performed.  Serious  offenses  of  a  religious  nature 
are  punished  by  the  War  Captain.  The  War  Captain  is  also  in  charge 
of  teaching  the  children,  as  well  as  adults,  the  rituals  and  dances  of 
the  native  religion. 

Though  the  War  Captain,  his  Lieutenant,  and  Group  of  Helpers  are 
concerned  mainly  with  the  performance  of  religious  duties,  one  cannot 
separate  them  entirely  from  the  secular  group.  Like  the  other  officers 
in  the  secular  government  of  Tesuque,  the  War  Captain's  group  sit 
in  Council  and  have  to  go  through  the  same  procedures  of  nomination 
and  election  and  hold  offices  only  for  one  year.  However,  in  the  case  of 
the  War  Captain,  his  stay  in  office  may  continue  indefinitely  due  to  the 
lack  of  suitable  candidates. 

Treasurer — The  Treasurer  is  appointed  by  the  Cacique  and  no  par- 
ticular period  of  time  is  assigned  to  his  term  of  office.  He  is  a  regular 
member  of  the  Council  and  is  in  charge  of  revenues  derived  from  tourists, 
from  lease  of  pueblo  land,  etc.    No  religious  affiliations  are  tied  in  with 
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this  office  and  the  man  is  elected  mainly  for  his  ability  in  handling  money. 
This  office  is  a  relatively  new  one  and  has  been  made  necessary  with  the 
advent  of  a  cash  economy. 

Conclusion — The  government  of  the  Tewa  Pueblos  exercises  social 
control  over  the  peoples  of  the  pueblo  through  benevolent  paternalism, 
and  the  Caciques  are  usually  looked  upon  and  addressed  as  "father." 
If  a  man  seeks  too  much  power  he  is  considered  evil  and  looked  down 
upon.  Hence,  due  to  the  demands  of  convention,  men  do  not  seek  office, 
but  are  elected  to  do  it.  Once  elected,  they  cannot  refuse  their  respon- 
sibilities. Officers  never  boast  of  their  positions  and  show  no  outward 
personal  pride.  These  offices  are  considered  a  difficult  and  dangerous 
duty  to  be  fulfilled,  rather  than  a  goal  to  be  achieved;  instead  of  craving 
for  these  positions  they  consider  them  as  not  very  desirable,  but  neces- 
sary. Though  there  is  pomp  in  their  other  communal  ceremonies,  the 
ceremony  of  installation  to  office  is  a  short  and  simple  one. 

The  Tewa  Indians  have  been  quite  successful  in  adapting  their 
governmental  organization  to  cope  with  the  influence  of  the  White  man's 
culture.  With  but  a  few  exceptions,  they  have  succeeded  in  maintaining 
law  and  order  and  they  oppose  the  use  of  local  or  state  police  on  their 
pueblo.  New  officers,  such  as  the  Treasurer,  have  been  appointed  to  cope 
with  the  new  situations.  In  the  dealings  with  their  people  the  officers 
try  hard  to  be  honest  and  just.  Their  political  organization  has  facilitated 
contact  with  various  private  and  U.  S.  Government  agencies,  and  pro- 
vided mechanisms  for  dealing  more  efficiently  with  the  problems  of 
the  Indians.  Their  political  organization  has  given  the  Tewa  Indians 
the  ability  to  present  a  united  front  to  the  outside  world,  to  enact  new 
laws  to  meet  new  emergencies  from  within  and  without,  and  to  enforce 
these  laws  when  such  enforcement  becomes  necessary. 
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Studies  on  the  Complement-Fixing  Antigens  of  Poliomyelitis.  Vin- 
cent V.  Hamparian  and  Klaus  Hummeler,  Chas.  Pfizer  &  Co.,  Terre 
Haute. — The  antibody  responses  of  animals  and  man  following  infection 
and  immunization  with  poliomyelitis  viruses  were  investigated  by  absorp- 
tion technics.  Potent  viral  preparations  for  use  as  absorbents  were 
prepared  by  concentration  and  fluorocarbon  treatment  of  infected  tissue 
culture  fluids.  Two  stage  absorptions  of  sera  were  employed  in  all 
experiments.  When  homotypic  monkey  hyperimmune  sera  were  subjected 
to  cross  absorption  procedures,  two  antigen-antibody  systems  were  dem- 
onstrable. The  sera  contained  antibodies  against  the  unheated  as  well 
as  against  the  heated  homologous  antigens.  Neutralizing  antibody  titers 
were  removed  along  with  antibodies  against  the  unheated  antigens, 
whereas  removal  of  antibodies  against  heated  antigens  did  not  alter 
the  neutralizing  antibody  titers.  The  presence  of  antigenic  components 
common  to  two  or  all  three  types  of  virus  was  demonstrated  by  absorp- 
tion of  a  chimpanzee  and  a  human  serum  with  heated  antigen  prepara- 
tions. Absorption  of  a  human  serum  with  unheated  type  II  antigen  gave 
direct  evidence  that  this  type  of  virus  in  its  native  state  contains 
antigenic  components  common  to  the  two  heterologous  types  of  virus 
whereas  types  I  and  III  absorbed  only  their  homologous  antibodies. 

A  Survey  of  Isolator  Systems  Used  with  Germfree  Animals.     P.  C. 

Trexler,  University  of  Notre  Dame. — Six  isolator  systems  are  described 
and  their  operation  compared.  The  relationship  to  other  sterile  pro- 
cedures is  discussed. 

Adsorption  Characteristics  of  Influenza  Viruses  to  Lipids  and  Fatty 
Acids.  A.  F.  Woodhour,  K.  E.  Jensen  and  J.  Warren,  Chas.  Pfizer  & 
Co.,  Inc.,  Terre  Haute. — Adsorption  characteristics  of  influenza  viruses 
to  certain  lipids  were  studied  with  a  view  toward  development  of  im- 
proved vaccines.  In  the  course  of  these  investigations  marked  differ- 
ences were  noted  among  strains  with  respect  to  adsorption  to  powdered 
cholesterol,  palmitic  acid  and  stearic  acid.  Adsorption  studies  con- 
ducted in  chromatographic  columns  and  batch  lots  yielded  similar  results. 
Saline  suspensions  of  virus  sedimented  from  harvest  fluids  and  resus- 
pended  in  phosphate  buffered  saline  adsorbed  more  readily;  however, 
strain  specificity  in  these  reactions  remained  clearly  evident.  The  bond- 
ing was  not  readily  influenced  by  changes  in  ionic  strength  and  pH 
nor  did  formalin-inactivated  virus  behave  differently.  Slight  increases 
in  antigenic  potency  were  observed  when  guinea  pigs  were  injected  with 
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mixtures  of  Type  A  influenza  viruses  and  cholesterol  or  stearic  acid.    In 
contrast,  similar  reactions  were  not  observed  with  Type  B  viruses. 

Cross-resistance  Among  Bacteria  Resistant  to  Antibiotics  and  Sur- 
face Active  Agents.  W.  M.  Bain  and  W.  A.  Konetzka,  Indiana  Univer- 
sity.— In  spite  of  the  well-known  chemical  and  physical  differences  be- 
tween Gram  negative  and  Gram  positive  bacteria,  explanations  for  the 
dissimilar  responses  of  these  organisms  to  a  variety  of  deleterious  agents 
remains,  for  the  most,  unknown.  One  of  the  striking  chemical  differences 
between  these  groups  is  the  higher  lipid  content  in  the  cell  walls  of 
the  Gram  negative  bacteria.  Although  the  function  of  these  lipids  is 
obscure,  it  has  been  reported  that  the  lipid  content  of  whole  cells  of 
Escherichia  coli  and  Salmonella  species  increases  as  resistance  to  chlor- 
amphenicol increases.  This  investigation  was  undertaken  to  determine 
the  role  played  by  lipids  in  bacterial  resistance  to  bactericidal  agents. 
The  lipid  content  of  strain  of  E.  coli,  sensitive  and  resistant  to  chloram- 
phenicol, has  been  studied  and  results  concerning  the  localization  of  this 
material  in  the  cell  wall  will  be  presented.  The  chloramphenicol-resistant 
strain  has  been  found  to  be  resistant  to  the  bactericidal  action  of  the 
cationic  detergent,  cetyltrimethylammonium  bromide,  which  has  been 
shown  to  disorganize  the  cell's  permeability  barrier.  The  sensitivity 
of  a  number  of  strains  of  Gram  negative  and  Gram  positive  bacteria, 
resistant  to  a  variety  of  surface  active  agents  and  antibiotics  has  been 
analysed  to  determine  whether  cross-resistance  to  these  substances  exists. 
The  results  of  these  determinations  and  their  possible  relation  to  the 
phenomenon  of  microbial  resistance  to  chemotherapeutic  agents  will  be 
discussed. 

Bacterial  Respiration  and  Growth  in  Soil  Sterilized  by  a  High  Energy 
Electron  Beam.  G.  H.  Peterson,  Purdue  University. — Soil  sterilized  by 
a  high  energy  electron  beam  at  a  dosage  of  3.3  X  106  rep,  was  seeded 
with  bacteria  isolated  from  soil  in  order  to  trace  their  growth  and 
respiration  in  "unaltered"  soil  in  the  absence  of  unknown  symbiotic 
and  antagonistic  microorganisms. 

Sterilization  techniques  generally  alter  the  physical  and  chemical 
properties  of  soil.  Thus,  the  environment  offered  to  microorganisms  in 
soil  sterilized  by  heat  or  chemical  agents  is  quite  different  from  that 
in  field  soil.  It  has  been  concluded  that  the  properties  of  air  dry  soil 
are  not  altered  to  a  marked  degree  when  sterilized  by  an  electron  beam. 
The  activities  of  microorganisms  in  irradiated  soil  should  more  nearly 
approach  their  activities  in  field  soil  than  soil  sterilized  by  other  tech- 
niques. The  activity  of  one  microbial  species  is  influenced  by  the 
environment,  including  the  presence  of  other  organisms. 

Moistened  irradiated  soil  released  carbon  dioxide  and  consumed  oxy- 
gen in  a  ratio  of  1:1.  The  activity  apparently  was  due  to  respiratory 
enzymes  that  were  not  inactivated  by  electron  bombardment.  The 
amount  of  gaseous  exchange  was  markedly  decreased  when  the  soil 
was  autoclaved  due  to  denaturation  of  respiratory  enzymes.  Also,  the 
respiratory  quotient  is  much  higher  than  is  expected  in  an  aerobic 
environment.     It   is   likely   that   the   evolution    or   uptake   of   gases   by 
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autoclaved  soil  results  from  chemical  action  taking  place  during  heat 
sterilization. 

A  species  of  Pseudomonas,  isolated  from  soil,  seeded  into  irradiated 
soil  in  a  Warburg  flask  exhibited  no  initial  lag  phase  during  growth. 
The  generation  time  during  the  "logarithmic"  phase  was  about  2.0 
hours.  The  maximum  number  of  viable  cells  was  produced  in  thirty 
hours  and  was  about  1  X  10°  cells  per  gram  of  dry  soil  or  about 
2  X  10»  cells  per  ml.  of  soil  solution.  This  value  compares  favorably 
with  bacteria  grown  in  liquid  media.  The  respiratory  quotient  was 
about  0.8. 

This  method  gives  promise  for  cultivating  and  measuring  the  activi- 
ties of  soil  microorganisms  in  various  environmental  and  nutritional 
situations.  It  is  possible  to  trace  the  biological  consequences  of  sym- 
biotic and  antagonistic  interactions  between  two  or  more  members  of 
the  soil  flora. 


Inactivation  of  Fixed  Rabies  Virus,  Grown  on  Embryonated 
Duck  Eggs,  by  Means  of  Beta  Propiolactone 

H.  M.  Powell  and  C.  G.  Culbertson,  Lilly  Research  Laboratories, 
Indianapolis,  U.S.A. 

This  report  concerns  details  of  the  inactivation  of  fixed  rabies 
virus,  grown  on  embryonated  duck  eggs,  through  use  of  beta  propio- 
lactone (BPL),  also  something  about  the  utility  of  the  product  pre- 
pared in  this  way.  We  have  previously  reported  on  certain  properties 
of  this  virus  (1,  2)  and  on  vaccine  made  from  it  (4),  and  LoGrippo  and 
Hartman  showed  good  antigenicity  of  rabies  mouse  brain  vaccine  inacti- 
vated with  BPL  (3). 

Preparation  of  the  virus 

Different  laboratory  strains  of  fixed  virus  have  somewhat  varying 
capacities  for  growing  on  embryonated  duck  eggs.  We  have  experimented 
thus  far  with  six  such  strains,  and  a  strain  supplied  by  the  National 
Institutes  of  Health  and  known  as  N.I.H.  or  CVS  appears  at  this  time 
most  satisfactory.  We  are  not  sure  that  repeated  passage  or  long  time 
cultivation  of  a  given  strain  of  fixed  virus  on  duck  eggs  has  any  merit 
in  production  of  large  batches  of  virus,  and  for  several  reasons  have 
have  experimented  with  first  generation  duck  embryo  virus  grown  either 
from  rabbit  brain  or  mouse  brain  seed.    Attempts  have  been  made  with 
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no  very  noticeable  results  to  select  sub  lines  of  virus  (as  for  obtaining 
clones)  from  individual  eggs  inoculated  with  limiting  dilutions  of  seed 
virus.  Currently,  embryonated  duck  eggs  at  7  days  incubation  are 
inoculated  with  a  10-2  dilution  of  fixed  virus  and  are  thereupon  re- 
incubated  for  12  additional  days.  At  this  time  the  virus-containing 
embryos  are  recovered,  and  on  being  proven  free  of  viable  bacteria 
are  ground  in  buffered  lactose  diluent  with  a  Waring  Blender  in  the 
cold  to  make  a  10  percent  suspension. 

Figure  1  shows  the  increase  of  virus  titer  in  duck  embryos  during 
incubation.  It  is  noted  that  after  day  2  there  is  a  rapid  increase  in 
titer  up  to  about  7  days,  then  a  leveling  off.  In  the  meantime  the 
embryo  grows  considerably  so  that  at  12  days  post  inoculation  it  may 
weigh  from   12  to   14   grams,   at  which  time  the  virus   is  harvested. 

If  duck  embryo  fixed  rabies  virus  is  to  be  kept  very  long  in  the 
fluid  state  it  should  remain  in  the  cold,  at  an  alkaline  reaction,  and 
be  protected  from  oxygenation  with  a  reducing  agent  such  as  cysteine. 
On  the  alkaline  side  this  particular  agent  may  also  act  as  an  anti- 
phosphatase  as  Amos  has  shown  in  the  case  of  herpes  virus  (5).  It 
has  appeared  that  pools  of  virus  having  mouse  infectivity  titers  of 
10-5  or  over  suffice  for  preparation  of  vaccine. 

Inactivation 

In  attempts  to  inactivate  fixed  virus  in  preparing  vaccine,  we  have 
tried  heat,  phenol,  formalin,  ultraviolet  light,  several  nitrogen  mustard 
like  compounds,  and  BPL.  In  the  midst  of  work  with  this  latter  com- 
pound LoGrippo  and  Hartman  as  mentioned  above,  published  on  the 
probable  usefulness  of  this  drug  in  connection  with  several  virus  vac- 
cines, although  earlier  these  authors  had  published  on  the  use  of  BPL 
in  other  biological  preparations.  We  in  turn  have  subsequently  pub- 
lished a  brief  report  of  use  of  BPL  in  the  preparation  of  several  batches 
of  duck  embryo  rabies  vaccine  carried  through  various  kinds  of  animal 
experimentation  and  then  into  man  as  also  cited. 

Our  experiments  have  dealt  mainly  with  inactivating  duck  embryo 
fixed  virus  with  BPL  at  ice  box  temperature  or  4°  or  5°C  although 
LoGrippo  and  Hartman  preferred  37 °C.  Action  of  preferable  concentra- 
tions of  1:3000  to  1:4000  is  usually  complete  at  20  to  24  hours,  however 
an  additional  24  hours  standing  is  advisable  for  completion  of  action, 
and   some    storage   at   this   temperature   is   generally   necessary. 

Figure  2  shows  the  decrease  in  mouse  infectivity  of  fixed  virus 
during  BPL  treatment  in  the  ice  box.  Since  the  activity  of  this  drug 
of  course  is  greater  the  higher  the  temperature,  haste  is  essential  in 
sampling  the  reaction  mixture,  preparing  dilutions  for  mouse  tests,  and 
completing  the  testing  at  any  point  desired.  A  very  great  drop  in  titer 
of  virus  after  2  hours  is  noted,  and  a  further  considerable  drop  after 
4  hours.  Live  virus  dwindles  off  to  nil  in  about  24  hours  using  BPL 
1:4000  and  about  16  or  20  hours  using  BPL  1:3000.  Several  virus  titers 
placed  on  the  10-0.5  dilution  level  are  practically  nil  since  no  mice  died 
on  the  corresponding  10-1  dilution  shown  in  Figure  2.  A  second  day's 
standing  in  the  ice  box  however  is  useful  for  added  certainty  of  com- 
plete virucidal  action. 
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Such  inactivation  curves  are  intended  to  indicate  general  trend 
and  speed  of  the  reaction.  Since  these  preparations  of  virus  are  far 
from  being  homogeneous,  great  exactness  of  measurement  of  the  spe- 
cific reaction  can  hardly  be  approximated.  Whether  similarities  exist 
or  not  with  the  kind  of  reaction  involved  in  the  inactivation  of  polio- 
virus  by  formalin  cannot  be  guessed.  It  appears  the  nature  of  this 
latter  reaction  is  still  a  subject  of  study. 

In  the  use  of  BPL  as  indicated,  a  considerable  degree  of  acidity 
is  generated.  Initial  suspensions  of  virus  should  be  well  buffered  on 
the  alkaline  side  and  it  is  safest  to  test  the  pH  from  time  to  time 
and  re-alkalinize  the  suspension  if  the  pH  drops  to  6.8  or  6.9,  setting 
it  upwards  to  about  pH  7.5.  Final  pH  of  7.2  to  7.4  or  a  little  higher  is 
optimal. 

To  assure  stability  of  potency  of  duck  embryo  rabies  vaccine  made 
in  this  may,  we  have  freeze-dried  the  product  and  in  this  shape  it 
rehydrates  readily  on  addition  of  sterile  water. 

Antigenicity  and  Safety 

The  potency  of  this  BPL  inactivated  vaccine,  as  measured  in  com- 
parative mouse  immunization  and  challenge  tests,  has  proven  to  be 
from  about  2  to  4  times  the  minimal  potency  prescribed  for  rabies 
vaccine  used  in  the  U.S.A.  The  present  mouse  test,  which  is  a  modifi- 
cation of  the  original  Habel  test  and  uses  a  standard,  is  of  great  value 
in  comparing  utility  of  different  inactivating  agents.  There  is  no  need 
of  any  special  test  with  vaccine  prepared  as  we  have  described. 
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Virus-neutralizing  antibody  produced  in  dogs  and  humans  by  this 
vaccine  has  neutralized  all  strains  of  fixed  virus  with  which  we  have 
worked  in  mice.  The  percentage  of  dogs  producing  such  antibody  com- 
pares favorably  with  that  produced  by  other  inactivated  vaccine.  Table 
1  shows  virus  neutralizing  antibody  test  results  in  125  dogs  in  which 
no  attempt  was  made  to  use  optimum  vaccine  dosage  concentration  for 
animal  use.  Approximately  80  percent  of  dogs  getting  one  dose  and 
95  percent  of  dogs  getting  two  doses  of  duck  embryo  vaccine,  and  95 
percent  of  dogs  getting  two  doses  of  phenolized  vaccine  develop  antibody. 
Virus  neutralizing  antibody  tests  have  been  completed  in  211  human 
beings  in  addition  to  those  previously  reported,  and  a  report  is  con- 
templated of  these  as  well  as  tests  involving  street  virus  challenge  in 
dogs  in  which  our  associate,  Dr.  R.  A.  Sauter,  has  observed  good 
response  following  use  of  duck  embryo  rabies  vaccine  (6). 

TABLE  1 

Comparative  Results  of  Rabies  Vaccines  in  125  Dogs 


One  5  cc  Two  5  cc 
One  5  cc            Two  5  cc                 Dose  Doses 

Dose  BPL        Doses  BPL         Phenolyzed  Phenolyzed 

Killed  Killed  Commercial  Commercial 

Vaccine  Vaccine  Vaccine  Vaccine 


Vaccine 


Total  dogs  given  vaccine 

50 

40 

5 

30 

Dogs  having  pre-immune 
antibody 

7 

3 

0 

2 

Remaining  dogs  in  which 
vaccine  effects  are  best 
measured 

43 

:>>i 

5 

28 

Number  of  dogs  develop- 
ing antibody  following 
vaccine 

34 

35 

2 

24 

Percent  of  dogs  develop- 
ing antibody 

7  It 

94 

(40?) 
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It  is  believed  from  the  work  of  others  as  well  as  ourselves,  and  a 
general  consideration  of  the  technique  that  no  BPL  as  such  remains  in 
the  vaccine.  Acidic  residue  becomes  neutralized.  Safety  of  the  vaccine 
has  been  indicated  in  some  special  tests  of  three  batches  of  vaccine  in 
36  rats  given  multiple  doses  and  examined  once  or  twice  weekly  for 
one  and  one  half  years.  Saline  was  given  to  a  fourth  group  of  12  rats. 
During  this  time  there  were  no  early  or  late  local  reactions  to  vaccine 
or  saline.  A  few  rats  died  of  intercurrent  respiratory  pathology,  the 
deaths  in  the  saline  group  by  happenstance  exceeding  those  in  any  of 
the  three  vaccine  groups.  Specifically  six  of  twelve  rats  on  saline  died, 
and  3,  1,  and  2  rats  respectively  on  three  lots  of  vaccine  died  during 
the  one  and  one-half  years.  These  long  term  tests  are  in  addition  to 
tests  conducted  with  vaccines  in  general  in  relation  to  safety,  and  the 
usual  safety  tests  prescribed  in  the  U.S.A.  for  rabies  vaccine  to  be  used 
in  humans. 
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Discussion 

This  report  is  presented  to  indicate  some  degree  of  utility  of  BPL 
as  a  virus  inactivating  agent  in  the  preparation  of  duck  embryo  fixed 
rabies  virus  vaccine.  The  sort  of  inactivation  that  is  needed  in  our 
case  is  some  kind  of  gentle  killing  sufficiently  moderate  to  allow  inacti- 
vated virus  to  maintain  its  capacity  to  act  as  an  antigen.  This  probably 
means  that  the  inactivation  process  with  the  specific  drug  must  be 
carried  out  under  conditions  which,  if  the  drug  were  not  present,  the 
virulence  of  the  virus  would  be  maintained.  In  order  to  know  how 
satisfactorily  the  fixed  virus  may  have  been  inactivated,  it  is  necessary 
first  to  measure  antigenicity  with  prolonged  mouse  tests.  These  may 
occasionally  need  repetition  for  added  certainty,  and  some  degree  of 
stability  needs  to  be  known.  Dog  experimentation  gives  additional  re- 
sults. It  is  for  these  reasons  along  with  others  that  progress  in  this 
field  is  slower  than  one  would  think. 

It  will  now  be  of  interest  to  determine  the  relative  utility  of 
inactivation  of  virus  to  form  vaccine  by  combined  use  of  BPL  and 
ultraviolet  light  compared  to  either  agent  used  alone  in  view  of  the 
most  recent  publication  on  this  subject  by  LoGrippo  (7).  It  may  be 
mentioned  that  LoGrippo  did  not  attain  complete  inactivation  with  any 
amount  of  ultraviolet  light  which  he  used. 

Although  of  limited  interest  in  comparison  to  viruses  and  vaccines 
now  being  dealt  with  over  the  world,  the  dissemination  of  street  virus 
to  several  species  of  wild  animals  in  nature  making  eradication  of  rabies 
in  many  countries  next  to  impossible,  it  follows  that  rabies  vaccine  will 
likely  have  to  be  made  and  used  for  many  years  to  come.  About  the 
only  alternative  would  be  appearance  of  an  effective  chemotherapeutic 
drug  or  antibiotic  not  in  sight  at  the  present  time. 

Conclusions 

1.  Details  of  the  virucidal  action  of  beta  propiolactone  on  fixed 
rabies  virus  of  duck  embryo  origin  are  described. 

2.  Such  completely  inactivated  virus  has  proven  to  be  an  effective 
antirabies  vaccine  showing  the  degree  of  potency  necessary  for  general 
use. 

3.  Further  work  is  indicated  to  determine  if  inactivation  by  BPL 
in  conjunction  with  another  agent  is  preferable  to   use  of  BPL  alone. 
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ABSTRACTS 

Missing  Petals  in  Oenothera.  Ralph  E.  Cleland,  Indiana  Univer- 
sity.— An  interesting  genetic  trait  has  appeared  in  several  unrelated 
races  and  hybrids  of  Euoenothera.  One,  two,  three  or  all  four  petals 
in  a  flower  may  be  completely  missing.  When  present,  petals  are  usually 
perfect  in  structure,  and  they  retain  their  proper  position  in  the  flower. 
When  two  petals  are  missing  from  a  flower,  the  gaps  may  be  side  by 
side  (90°  apart),  or  they  may  occupy  opposite  positions  in  the  flower 
(180°  apart).  An  individual  plant  will  usually  have  flowers  ranging 
from  0  to  4  petals  all  at  the  same  time,  and  even  on  the  same  shoot. 
Ordinarily,  sepals,  stamens  and  carpels  are  unaffected,  but  in  a  few 
crosses  there  has  been  a  tendency  toward  the  production  of  trimerous 
flowers,  with  3  sepals,  3  petals,  6  stamens  and  3  carpels.  In  such 
flowers,  the  petals  are  120°  apart.  The  missing  petal  character  appeared 
originally  in  1939  in  the  cross  muricata  x  Magnolia.  This  hybrid  has 
bred  true  to  this  character  for  9  generations.  It  was  also  found  in  1951 
in  muricata  x  Petersburg.  More  recently  it  has  been  found  in  the  cross 
Elma  V  x  Iowa  II,  in  a  race  from  Galeton,  Illinois,  and  in  a  race  of 
cruciata,  probably  from  New  Hampshire.  In  the  last  mentioned  race, 
the  petals  are  "cruciate,"  i.e.,  strap-shaped  and  sepaloid.  When  crossed 
to  forms  with  normal  petals,  the  progeny  in  some  cases  show  the 
characteristic  of  missing  petals,  in  other  cases  they  do  not.  In  some 
cases,  only  a  few  petals  are  missing,  in  others  almost  100%  of  the 
flowers  are  completely  lacking  in  petals.  The  cytological  basis  for  this 
phenomenon  is  still  a  matter  of  speculation. 

A  Possible  New  Species  of  Callixylon  From  Indiana  Devonian  Shales. 
H.  O.  Beals,  A.  T.  Guard  and  J.  W.  Stipp,  Purdue  University  and  North 
Vernon  High  School. — A  specimen  of  petrified  wood  belonging  to  the 
genus  Callixylon  was  collected  from  the  Devonian  shales  near  North 
Vernon,  Indiana  in  the  summer  of  1958.  This  specimen  measured  ap- 
proximately 6x3x1%  inches.  Examination  of  thin  sections  of  this 
wood  revealed  a  possible  new  species  of  Callixylon.  This  species  differs 
from  other  known  species  in  the  height  and  width  of  ray  cells  and  in 
the  grouping  of  the  bordered  pits  on  the  radial  walls. 

Transmission  and  Development  of  Tobacco  Ringspot  Virus  in  Soy- 
bean. Kirk  Athow,  J.  B.  Bancroft  and  John  Tuite,  Purdue  Univer- 
sity.— Tobacco  ringspot  virus  (TRSV)  which  causes  the  bud  blight 
disease  of  soybean  (Glycine  max  (L)  Merrill)  was  shown  to  be  trans- 
mitted  through   the    seed  from   naturally   infected   field   grown   plants. 
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Seeds  from  plants  infected  early  showed  the  highest  percentage  of 
transmission.  Plants  which  developed  from  infected  seeds  transmitted 
the  virus  to  an  average  of  93  percent  of  their  progenies.  Seed  trans- 
mission probably  is  not  important  in  the  development  of  the  disease 
because  plants  which  develop  from  infected  seeds  or  plants  which  are 
infected  early  produce  little  or  no  seed.  However,  seed  transmission  may 
perpetuate  and  disseminate  the  disease.  The  disease  is  most  prevalent  and 
develops  very  rapidly  adjacent  to  pastures  and  grassy  areas.  A  collection 
of  454  plants  comprising  37  species  from  a  pasture  adjacent  to  a  soybean 
field  where  bud  blight  had  been  epidemic  for  2  years  were  indexed  for 
TRSV.  Six  species;  Ambrosia  artemesiifoli,  Daucus  carota,  Erigeron 
strigosus,  Taraxacum  officinale,  Trifolium  repens,  and  Tri folium  pratense 
were  found  to  be  infected.  None  of  the  infected  plants  showed  symptoms. 
Insect  and  soil  transmission  attempts  have  been  unsuccessful. 

The  Production  of  Pectolytic  Enzymes  by  Botryosphaeria  ribis  and 
Glomerella  cingulata.  J.  E.  Wallace,  J.  Kuc  and  E.  B.  Williams, 
Purdue  University. — Two  apple-rotting  fungi,  Botryosphaeria  ribis  (G. 
&  D.)  and  Glomerella  cingulata  (Stone)  produce  extracellular  pectin 
methylesterase  (PME)  and  polygalacturonase  (PG)  when  grown  in 
Czapek's  medium  containing  citrus  pectin  as  all  or  part  of  the  carbo- 
hydrate source.  Neither  of  these  fungi  produce  appreciable  amounts 
of  PME  or  PG  when  grown  in  Czapek's  medium  alone.  G.  cingulata, 
however,  produces  PME  and  PG  when  grown  in  Czapek's  medium  con- 
taining 0.2%  L- Alanine,  whereas  L-alanine  appears  to  have  no  effect 
on  the  production  of  these  extracellular  pectolytic  enzymes  by  B.  ribis. 
B.  ribis  and  G.  cingulata  appear  to  produce  little  or  no  extracellular  pectin 
depolymerase  (DP)  when  grown  in  Czapek's  medium  alone,  Czapek's 
medium  containing  pectin,  or  Czapek's  medium  containing  L-alanine. 
When  Golden  Delicious  apples  were  inoculated  with  B.  ribis,  the  diseased 
tissue  contained  appreciable  amounts  of  PME  and  PG,  and  healthy  tissue 
on  the  same  apple  contained  little  PME  or  PG  activity.  Diseased  and 
healthy  tissue  contained  little  or  no  DP.  These  results  suggest  the 
importance  of  pectolytic  enzymes  in  the  rotting  mechanisms  of  B.  ribis 
and  G.  cingulata. 

Sources  of  Resistance  to  Venturia  inaequalis  and  the  Current  Status 
of  Apple  Variety  Improvement.  J.  R.  Shay,  E.  B.  Williams  and  J. 
Janick,  Purdue  University. — The  species  and  varieties  of  Malus  con- 
tain a  number  of  gene  pools  for  resistance  to  Venturia  inaequalis  (Cke.) 
Wint.,  the  causal  fungus  of  the  apple  scab  disease.  A  number  of  single 
dominant  genes  that  condition  field  immunity  have  been  isolated  from 
species  native  to  regions  of  China  and  Russia.  Very  little  is  yet  known 
of  the  interrelationship  of  these  genes,  but  it  appears  likely  that  there 
are  a  number  of  distinctly  different  gene  pairs.  In  addition,  there  are  a 
number  of  polygenic  combinations  in  Malus  species  and  varieties  of  the 
common  apple,  M.  pumila,  that  confer  resistance  ranging  from  partial 
field  resistance  to  field  immunity.  Extensive  use  of  these  resistances  have 
been  made  during  the  past  decade  in  apple  improvement  programs  in  North 
America  and  Europe.  Field-immune  selections  with  horticultural  char- 
acters more  nearly  like  those  of  leading  apple  varieties  are  being  made 
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each  year.  It  appears  that  immune  varieties  suitable  for  commercial 
production  can  be  obtained  with  continued  effort.  Although  V.  inaequalis 
is  known  to  be  variable  in  its  pathogenic  behavior  on  certain  apple 
varieties,  no  pathogenic  races  have  yet  been  observed  on  the  Asiatic 
sources  of  resistance. 

Preliminary  Investigations  on  Apple  Virus  Diseases.  Gaylord  I. 
Mink  and  J.  R.  Shay,  Purdue  University. — A  survey  was  made  of 
commercial  Indiana  apple  orchards  for  virus  symptoms.  No  evidence 
of  apple  mosaic,  rubbery  wood,  scar  skin  or  dapple  apple  viruses  was 
found.  Stem  pitting  was  observed  on  trees  in  all  orchards  visited.  Scion 
varieties,  understocks  and  non-topworked  seedlings  showed  pitting  symp- 
toms. The  stem-pitting  virus  was  transmitted  by  budding  and  grafting 
from  infected  to  healthy  apple  tissue.  The  anatomical  abnormalities 
associated  with  stem  pitting  were  described  as  hyperplasia  and  hyper- 
trophy of  parenchyma  cells  and  a  reduction  in  the  functional  conductive 
cells.  A  variety  of  M.  pumila,  R12740-7A,  and  certain  of  its  progeny  were 
shown  to  be  sensitive  indicator  plants  for  apple  mosaic,  stem-pitting 
and  a  possibly  new  virus  disease  termed  chlorotic  leaf  spot.  A  pre- 
liminary survey  of  apple  varieties  for  latent  viruses  showed  most  of  the 
varieties  examined  to  be  carrying  both  stem-pitting  and  chlorotic  leaf 
spot  viruses. 

Observations  of  the  Life  Cycles  of  Some  West  American  Rust  Fungi. 

George  B.  Cummins,  Purdue  University. — Observations,  substantiated  in 
some  cases  by  inoculations,  were  made  in  Arizona,  Colorado  and  Montana 
of  the  life  cycles  of  23  species  of  the  rust  fungi.  Species  whose  life 
cycles  were  previously  unknown  are  Puccinia,  biporula  J.  W.  Baxter 
whose  aecial  stage  is  Aecidium  subsimulans  Arth.  et  Mains,  P.  redfieldiae 
Tracy  whose  aecial  stage  is  A.  anograe  Arth.,  and  P.  vexans  Farl.  whose 
aecial  stage  is  A.  cannonii  Griff.  Additional  information  about  life  cycles 
included  P.  canaliculata  (Schw.)  Lagh.  developing  aecia  on  Helio]jsis 
parvifolia  Gray,  P.  conspicim  Mains  developing  telia  on  Agrostis  scabra 
Willd.,  and  P.  liatridis  (Arth.  et  Fromme)  Bethel  developing  aecia  (A. 
arcularium  Arth.)  on  Brickelia  grandiflora  (Hook.)  Nutt.  P.  recondita 
Rob.  was  observed  to  complete  its  life  cycle  on  30  different  combinations 
of  host  plants.  The  aecial  stage  of  Cumminsiella  mirabilissima  (Pk.) 
Nannf.  was  demonstrated  to  occur  in  North  America. 

Genetics  of  Pathogenecity  in  Race  104  Ind.  B  of  Wheat  Leaf  Rust. 

Nader  G.  Vakili  and  Ralph  M.  Caldwell,  Purdue  University. — Race 
104  Ind.B  was  propagated  from  a  single  spore  isolation  and  allowed 
to  form  telia.  After  overwintering,  telia  were  suspended  above  Thalic- 
trum  glaucum  Desf.  for  germination  and  sporidial  infection.  Progenies 
were  obtained  by  either  fertilizaton  of  single  monosporidial  infections  or 
mass  fertilization  followed  by  random  selection  of  a  single  aeciospore 
infection  from  each  aecial  cluster.  Reactions  of  the  progenies  were 
determined  on  8  standard  differential  varieties  and  6  supplemental 
varieties.  The  progenies  segregated  for  virulence  to  all  varieties  tested 
except  Mediteranean  and  Democrat.  This  indicated  heterozygocity  in 
the  parental  race  104  Ind.B.   Therefore,  its    genotype  could  be  considered 
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similar  to  that  of  an  Fi  wherein  the  Si  progenies  would  yield  results 
similar  to  those  of  F^  progenies.  Eighty-six  Si  progenies  were  secured 
by  sibbing  sporidial  infections  of  race  104  Ind.B.  Segregation  of  these 
progenies  showed  that  virulences  to  varieties  Brevit,  Loros  and  Kenya 
Farmer  were  conditioned  by  single  dominant  factors,  VB,  Vl,  Vk  re- 
spectively; and  that  avirulences  to  varieties  Newsar  (C.  I.  12530), 
Waban  (C.  I.  12992),  and  Wardal  2  (Purdue  4665A2-14-4)  were  governed 
by  dominant  factors,  AH1,  AWa,  and  AM2  respectively.  Virulence  to  both 
Malakof  and  C.  I.  12660  was  conditioned  by  2  factors,  VmI  dominant  for 
virulence,  and  AM2  dominant  for  avirulence  and  hypostatic  to  and  inde- 
pendent of  VmI.  Avirulences  to  Carina,  Webster  and  Hussar  were  con- 
ditioned by  complementary  pairs  of  factors,  Ac  and  AM2,  AWol  and  AWe2, 
and  AH1  and  An2  respectively.  Urediospore  color  was  monogenically 
inherited.  A  dominant  factor,  C,  conditioned  normal  (red)  color  while 
the  recessive  allele,  c,  conditioned  yellow  color.  Nine  of  the  12  loci 
conditioning  virulence  and  spore  color  were  involved  in  3  linkage  groups. 
One  group  included  loci  VMl-clAHl/vMl-C-aii2;  the  second  group  con- 
tained loci  Vb-Vl/vb-Vl  and  the  third  group  consisted  of  loci  ac-AM2-Awl- 
Awa/Ac-a:u2-awl-awa.  Sixty-nine  of  the  86  Si  progenies  comprised  22 
previously  described  races  (phenotypes)  and  the  remaining  17  progenies 
comprised  15  new  phenotypes  on  the  basis  of  the  8  standard  differential 
varieties.  The  6  supplemental  differential  varieties  disclosed  a  larger 
number  of  subraces.  The  range  of  virulence  varied  from  widely  virulent 
uredial  progenies,  such  as  race  77,  to  progenies  of  narrowly  limited 
virulence  such  as  race  1.  Also  some  of  the  progenies  were  capable  of 
attacking  Wardal  2  which  had  been  highly  resistant  to  all  cultures  of 
leaf  rust  obtained  from  nature. 

Combinations  of  Resistance  to  Wheat  Leaf  Rust.  John  F.  Schafer, 
Ralph  M.  Caldwell,  Fred  L.  Patterson  and  Leroy  E.  Compton,  Pur- 
due University. — The  short  duration  of  the  functional  life  of  many  rust 
resistant  grain  varieties  has  been  a  major  problem  in  control  of  cereal 
rusts  by  disease  resistance.  One  proposal  to  increase  this  functional 
life  is  to  incorporate  into  one  genetic  stock  several  resistance  genes  each 
having  a  comprehensive  race  coverage.  A  pathologic  technique  to  de- 
termine readily  such  gene  combinations  is  proposed.  The  wheat  varieties, 
Aniversario,  Exchange,  Frontana,  and  La  Prevision  25,  each  possessing 
a  broad  coverage  of  resistance  against  races  of  leaf  rust,  Puccinia 
recondita,  were  crossed  in  5  of  the  6  paired  combinations.  Although  these 
varieties  were  resistant  to  all  P.  recondita  cultures  tested,  limited 
sporulation  occurred  in  some  instances.  Uniformly  resistant  selections 
permitting  distinctly  less  sporulation,  that  is,  a  higher  resistant  reaction, 
than  either  parent  were  obtained  from  all  5  crosses  tested.  Such  a 
selection  from  each  hybrid  was  backcrossed  to  both  original  parents.  In 
no  case  did  susceptible  progeny  occur  in  the  subsequent  F.  generations, 
showing  the  parent  and  selection  to  have  resistance  genes  in  common  in 
each  instance.  The  combination  of  resistance  genes  from  both  parents 
is  thus  indicated  by  the  higher  type  resistant  reaction  (a  pathologic 
technique),  and  proven  by  a  genetic  test,  backcrossing  to  both  parent 
varieties. 
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Factors  Affecting  the  Germination  of  Milkweed  Seed.  B.  J.  Rogers, 
I.  Smith  and  A.  Jacobson,  Purdue  University. — Seeds  of  various  species 
of  milkweed  (Asclepias)  were  subjected  to  a  variety  of  treatments: 
alternating  temperatures,  photoperiod  variations,  germination  on  ad- 
sorbent charcoal,  and  storage  under  various  conditions.  Length  of  storage 
was  found  to  be  an  important  factor.  Germination  of  fresh  seed  varied 
from  10  percent  for  Asclepias  species  to  over  75  percent  for  Ampelamus 
albidus.  Partial  seedcoat  removal  caused  rapid  and  complete  germination 
of  all  species. 

Sprouting  of  Rhizomes  of  Johnson  Grass  in  Vitro.  M.  Ingle  and 
B.  J.  Rogers,  Purdue  University. — Studies  on  the  effects  of  environmental 
factors  and  chemicals  on  rhizome  bud  sprouting  in  vitro  are  being  made. 
Isolated  segments  bearing  buds  are  cultured  on  sterile,  moistened  ver- 
miculite.  Photoperiod  and  temperature  variations  affect  the  sprouting. 
Neither  red  nor  far  red  light  alters  the  growth  pattern.  The  chemical 
sodium  2,2-dichloropropionate  at  35  g/1  almost  completely  inhibits 
sprouting  when  rhizomes  are  soaked  for  ten  minutes.  Maleic  hydrazide 
at  3.2  g/1  inhibits  sprouting  completely. 

The  Influence  of  Temperature  on  the  Survival  of  the  Root-Knot 
Nematode,  Meloidogyne  incognita  acrita  Chitwood  1949,  in  the  Absence 

of  a  Host.  Glenn  B.  Bergeson,  Purdue  University. — The  influence  of 
temperatures  in  the  range  of  32  to  100  degrees  F.  on  the  survival  of 
eggs  and  larvae  of  M.  incognita  acrita  was  determined.  Of  the  tem- 
peratures tested,  50  degrees  F.  most  closely  approached  the  optimum 
for  survival  of  both  larvae  and  eggs.  At  this  temperature  both  stages 
survived  for  more  than  one  year.  Larval  survival  at  temperatures  of 
32,  40,  50,  60,  70,  80,  90,  and  100  degrees  F.  was  8,  7-14,  365,  120-150, 
120-150,  90-120,  45-60,  and  21  days  respectively.  Egg  survival  for  these 
same  temperatures  was  90,  90-180,  365,  120-150,  120-150,  120-150,  90, 
and  30  days  respectively.  M.  hapla  was  much  more  resistant  to  a 
temperature  of  32  degrees  F.  in  the  egg  stage  and  to  40  degrees  F.  in 
the  larval  stage  than  were  eggs  and  larvae  of  M.  incognita  acrita  and  M. 
javanica.  A  comparison  of  resistance  to  32  degrees  F.  between  popula- 
tions of  M.  incognita  acrita  from  Indiana  and  California  revealed  no 
distinct  differences  by  the  end  of  the  test  period,  but  at  subterminal 
periods  the  percentage  of  survival  of  the  Indiana  population  appeared 
to  be  greater.  Attempts  to  precondition  larvae  to  lethal  temperatures 
with  a  series  of  sublethal  temperatures  were  unsuccessful.  The  hatching 
rate  of  root-knot  nematode  eggs  proved  to  be  very  responsive  to  changes 
in  temperature.  At  40  and  50  degrees  F.  hatching  was  meager  and 
dropped  off  rapidly  within  several  days.  At  60  degrees  F.  hatching  con- 
tinued at  nearly  a  constant  rate  for  at  least  twenty-two  days.  The 
hatching  rate  reached  its  peak  between  the  fourth  and  seventh  day  at 
temperatures  of  70,  80,  and  90  degrees  F.  and  then  dropped  off  very 
abruptly.  There  was  some  indication  that  at  90  degrees  F.  hatching 
was  partially  inhibited,  but  continued  when  temperatures  were  lowered. 

A  Recent  Study  of  the  Dicotyledonae  of  the  Angiospermae  Flora 
of  Gibson  County,   Indiana.    Al  J.   Tieken,   Oakland   City  College. — A 
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study  of  the  dicotyledonae  flora  of  angiospermae  plants  of  Gibson  County, 
Indiana  was  made  during  the  summer  of  1958.  This  study  resulted  in 
a  list  of  66  specimens  in  32  genera  and  21  families.  The  sequence  of 
genera  and  the  nomenclature  of  the  specimens  are  in  accord  with  that 
in  Deam's  "Flora  of  Indiana." 

The  Trisomies  of  Spinach.  Jules  Janick  and  D.  L.  Mahoney,  Pur- 
due University. — Trisomies  in  spinach,  Spinacia  oleracea  L.  (n  =  6), 
were  observed  from  cytological  analyses  of  diploid-triploid  crosses. 
Transmission  of  the  seven  to  twelve  chromosome  gametes  was  higher 
through  the  pistillate  than  through  the  staminate  triploid.  Eighteen 
percent  of  the  progeny  were  trisomic  when  the  staminate  parent  was 
triploid  as  compared  to  thirty-two  percent  in  the  reciprocal  cross.  The 
13  chromosome  plants  could  be  divided  into  six  groups  on  the  basis  of 
their  morphological  appearance.  These  six  groups  were  considered  to 
represent  the  six  primary  trisomies  and  were  named  savoy,  oxtongue, 
star,  reflex,  curled  and  wild.  The  morphological  effects  varied  from  no 
perceptible  phenotypic  change  as  compared  with  the  diploid  in  wild, 
to  extreme  modification  of  leaf  and  plant  type  in  curled  and  reflex.  The 
frequency  of  the  six  trisomic  types  was  approximately  equal  from  the 
triploid  pistillate  x  diploid  staminate  cross.  However,  out  of  42  trisomies 
clasified  from  the  diploid  pistillate  x  triploid  staminate  cross,  reflex 
was  not  observed  and  only  one  plant  of  curled  was  found.  The  extra 
chromosome  was  not  transmitted  through  staminate  trisomies,  but  was 
found  to  be  transmitted  in  the  two  pistillate  trisomies  investigated  (savoy 
and  curled)  varying  from  7  to  34  percent.  The  factor  for  sex  determina- 
tion was  shown  genetically  to  be  associated  with  the  reflex  trisomic. 

Fragaria-Potentilla  Intergeneric  Hybridization.  J.  R.  Ellis,  Purdue 
University.1 — As  Potentilla  is  a  larger  and  more  diverse  genus  than 
Fragaria,  a  series  of  intergeneric  crosses  were  attempted  to  investigate 
the  possibilities  of  gene  transfer  from  Potentilla  to  Fragaria.  In  this 
survey  Fragaria  (n  =  7)  was  represented  at  four  levels  of  ploidy, 
diploid  (F.  vesca) ,  tetraploid  (F.  vesca) ,  octoploid  (F.  grandiflora)  and 
decaploid  (F.  vesca-F.  grandiflora  amphiploid  hybrid).  Four  ploidy  levels 
of  Potentilla  (n  =  7)  were  also  used,  diploid  (P.  fruticosa),  tetraploid 
(P.  erecta,  P.  reptans,  P.  sterilis) ,  hexaploid  (P.  palustris)  and  octo- 
ploid (P.  anglica) .  For  all  pollinations  the  Fragaria  species  were  used 
as  the  maternal  parent  and  no  attempts  were  made  of  the  reciprocal 
crosses.  Mature  fruits  resulted  from  many  of  the  pollinations  and 
germinable  seed  was  obtained,  though  most  of  the  hybrid  seedlings  died 
shortly  after  germination.  Mature  hybrid  plants  were  however  obtained 
from  the  crosses  F.  vesca  (4x)  X  P.  fruticosa,  F.  grandiflora  X  P. 
fruticosa,  F.  grandiflora  X  P.  palustris  and  F.  vesca  -F.  grandiflora 
amphiploid  hybrid  X  P.  fruticosa,  the  hybrids  having  the  expected 
chromosome  numbers  of  21,  35,  49  and  42  respectively.  All  the  hybrids 
with  P.  fruticosa  were  completely  sterile,  a  feature  which  persisted  in 
the    colchicine-produced    amphiploid    hybrid    with    F.    grandiflora.     The 


1  These  crosses  were  carried  out  in  the  Department  of  Botany,  Univer- 
sity of  Manchester,  England. 
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F.  grandiflora — P.  palustris  heptaploid  hybrids  although  completely  male 
sterile  were  slightly  female  fertile,  while  the  corresponding  colchicine- 
produced  amphiploid  hybrid  (14x)  was  highly  fertile.  Since  fertile 
hybrids  were  obtained  with  P.  palustris  new  desirable  characters  may 
be  introduced  into  the  cultivated  strawberry. 

The  Effect  of  Isolating  L  P3  and  Ii  P.,  on  Dryopteris  Apices.     S.  N. 

PosTLETHWAiTEi  and  Bruce  Vollers,  Purdue  University  and  Rockefeller 
Institute. — Ii  P3  and  Ii  P-,  sites  were  isolated  from  the  surrounding 
apical  tissue  in  Dryopters  aristata  apices.  Subsequent  growth  of  these 
areas  was  studied  both  macroscopically  and  microscopically  in  an  attempt 
to  elucidate  further  the  mutual  influence  of  incipient  primordia,  adjacent 
primordia,  and  the  apical  meristem.  The  Ii  site  thus  isolated  develops 
into  a  bud  and  the  associated  P3  or  P3  continues  its  development  into  a 
leaf.  Some  vascular  continuity  is  formed  between  the  induced  bud  and 
the  associated  P3  or  P5. 

The   Use  of  Chlorazol   Black   E  in  Staining   Angiosperm   Embryos. 

D.  A.  Haskell,  Purdue  University. — Chlorazol  black  E,  when  used  in 
conjunction  with  fast  green  FCF,  has  been  found  to  give  excellent 
preparations  in  studies  of  late  embryogenesis  in  angiosperms.  In 
paraffin  sections,  cellulose  walls  are  sharply  defined  as  hard  black  lines 
while  cytoplasm  is  stained  light  green  and  nuclei  dark  gray-green.  Best 
results  have  been  obtained  by  staining  lightly  in  alcoholic  fast  green 
FCF,  then  transferring  the  slides  to  a  .5%  solution  of  chlorazol  black  E 
in  absolute  ethyl  alcohol.  Staining  time  in  the  latter  solution  is  2  to  6 
minutes.  Slides  should  be  removed  when  slightly  overstained,  washed 
in  alcohol  to  remove  excess  stain,  then  differentiated  by  repeated  dipping 
in  80%  ethyl  alcohol.  This  stain  combination  provides  a  high  visual  and 
photographic  contrast  between  cell  walls  and  protoplasm  in  meristematic 
and  differentiating  tissues.  The  technique  is  rapid  and  simple  and  has 
given  results  superior  to  the  various  hematoxylin  schedules  including 
the  more  recently  contrived  schedules  for  the  angiosperm  apex. 


1  This  study  was  aided  by  a  grant  from  the  National  Science  Foundation 
and  the  Rockefeller  Institute. 
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Species  are  listed  in  the  order  of  their  appearance  in  Deam's  Flora 
of  Indiana  and  are  followed  by  the  name  of  the  county  in  which  they 
were  collected.  The  new  specimens  were  collected  by  Charles  Gunn,  Alice 
Hamilton,  E.  Hamilton,  Charles  Heiser,  Jack  Humbles,  Scott  McCoy,  Rose 
Overstreet,  and  John  Thieret.  The  herbarium  specimens  are  deposited 
at  Indiana  University. 

The  records  are  now  being-  catalogued  at  Indiana  University.  In  the 
future,  collectors  with  a  new  county  record  should  send  a  herbarium 
specimen  for  inclusion  in  the  Deam  Herbarium  to  the  Department  of 
Botany,  Indiana  University. 

TAXONOMIC  ENTITIES 

Botrychium  dissectum,  Monroe.  Botrychium,  dissectum  var.  obliquum, 
Owen.  Pteridium  latiuscidum,  Owen.  Festuca  obtusa,  Morgan.  Eragro- 
stis  mexicana,  Morgan.  Aegilops  cylindrica,  Benton,  Clark,  Howard. 
Agrostis  palustris,  Monroe.  Aristida  basiramea,  Lake.  Panicum  ad- 
disonii,  Starke.  Setaria  viridis,  Morgan.  Cenchrus  pauciflorus,  Starke. 
Cyperus  inflexus,  Morgan.  Scirpus  validus,  Morgan.  Carex  vulpinoidea, 
Morgan.  Carex  tribuloides,  Monroe.  Gypsophila  scorzonerifolia,  Lake. 
Oxvaphus  nyctagineus,  Daviess.  Caltha  palustris,  Madison.  Desmodium 
nudiflorum,  Vanderburgh.  D.  pauciflorum,  Marion.  D.  canescens,  La- 
grange, Putnam,  D.  cuspidatum  var.  longifolium,  Vermillion.  D.  pani- 
culatum,  Owen.  D.  laevigatum,  Crawford.  D.  dillenii,  Orange.  D.  mari- 
landicum,  Morgan.  D.  rigidum,  Allen,  Brown,  Daviess,  Newton.  Oeno- 
thera laciniata,  Kosciusko.  Osmorhiza  claytoni,  Hancock.  Lysimachia 
nummularia,  Hancock.  Cynanchum  nigrum,  Marion.  xVerbena  engel- 
mannii,  Morgan.  Solanum  dulcamara,  Hancock.  Iva  ciliata,  Greene. 
Bidens  connata,  Monroe.  B.  vulgata,  Monroe.   Senecio  obovatus,  Hancock. 

Records  to  be  removed : 

Desmodium  dillenii,  Whitley.  D.  canadense,  Parke,  Randolph.  D. 
nudiflorum,  Pike.  D.  rigidum,  Cass. 

The  addition  of  a  number  of  new  records,  of  Desmodium  as  well 
as  the  removal  of  certain  old  records  is  in  part  the  result  of  a  study 
of  the  specimens  in  the  herbarium  of  Indiana  University  by  the  junior 
author. 

Although  the  number  of  new  records  is  small  this  year,  it  is  of 
interest  to  note  that  they  include  four  plants  new  to  the  state.  Aegilops 
cylindrica  was  originally  placed  among  the  "excluded  species"  by  Deam, 
but  now  seems  to  be  definitely  established  in  the  state  (Charles  Gunn, 
Castanea  23:  1-4.  1958).  The  specimens  of  Gypsophila  scorzonerifolia 
and  Aristida  basiramea  were  collected  by  John  Thieret  (see  Rhodora  59: 
3-33,  1957)  and  the  specimen  of  Cynanchum  nigrum  by  Scott  McCoy. 
Whether  these  three  species  are  actually  established  in  Indiana  will 
bear  further  study. 
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Attention  also  should  be  called  to  a  number  of  new  records  of  Carex, 
mainly  from  St.  Joseph  County  by  Peter  E.  Hebert  (Amer.  Midi.  Nat. 
56:  504-506,  1956). 

Charles  B.  Heiser,  Jr.,  and 
Jack  Humbles,  Indiana  University 


Some  Observations  on  the  Occurrence  and  Distribution  of  the 
Characeae  of  Indiana 

Fay    Kenoyer   Daily,    Butler    University 

Various  studies  have  considered  the  habitat  of  the  Characeae  usually 
in  conjunction  with  a  taxonomic  presentation  of  the  Characeae  of  other 
regions.  A  detailed  report  of  this  type  was  made  by  Robert  Corillion 
(2)  for  France  and  occidental  Europe,  and  was  received  while  this  study 
was  in  progress.  It  contains  taxonomic,  phytogeographical  and  phy- 
tosociological  material  with  a  large  bibliography  recommended  for  his- 
torical data.  Several  additional  references  are  cited  to  supplement  work 
on  the  North  American  Characeae:  Anderson  and  Walker  (1)  Kiener 
(12),Prescott  (15). 

The  Characeae  are  a  group  of  the  algae  classed  with  the  Chlorophyta 
or  green  algae,  but  are  also  ranked  as  a  separate  group.  They  are 
attached,  aquatic  plants  with  a  rhizoidal  system,  central  stem  sometimes 
branching,  with  whorls  of  branchlets  at  stem  nodes  and  are  sexual 
with  antheridia  and  oogonia  on  the  branchlet  nodes.  Some  species  pro- 
duce bulbils  which  are  enlargements  of  the  lower  stem  nodes  and 
rhizoidal  nodes  and  contain  reserve  starch.  Three  genera  have  been 
found  in  North  America:    Chara,  Nitella  and  Tolypella. 

In  1953,  the  author  (4)  published  the  third  in  a  series  of  papers 
in  which  a  taxonomic  arrangement  of  the  Characeae  of  Indiana  was 
given.  A  distributional  map  of  each  species  was  included.  An  attempt 
had  been  made  to  obtain  all  specimens  extant  representing  the  bases 
of  published  reports  as  well  as  to  collect  widely  over  the  state.  Typic 
or  co-typic  specimens  were  studied  whenever  possible.  Specimens  were 
cited  in  detail  so  that  the  work  could  be  expanded,  repeated  or  confirmed. 

Only  a  paragraph  was  included  in  the  1953  study  giving  a  brief 
summary  of  the  types  of  habitat,  since  the  length  of  the  paper  was 
limited  for  publishing.  The  specimens  cited  in  that  paper  constitute 
the  basis  of  this  report  which  gives  a  detailed  discussion  of  occurrence 
and  distribution.  Many  of  the  habitats  have  been  revisited  to  observe 
changes  and  to  further  study  the  features,1  There  is  an  addition  of  one 
collection  from  Pokagon  State  Park  display  ponds,  Steuben  County, 
which  yielded  the  first  collection  of  Tolypella  reported  for  the  state, 
Tolypella  prolifera.  Another  collection  found  there  in  a  different  pond 
proved  to  be  another  species  of  Tolypella,  Tolypella  intricata  Leonh. 
(W.  A.  and  F.  K.  Daily,  collection  425,  August,  1953).  It  is  differentiated 
from  T.  prolifera  chiefly  by  having  divided  sterile  branchlets. 

This  study  is  limited  to  the  occurrence  and  distribution  of  the 
Characeae  of  Indiana.  Any  comments  concerning  a  broader  area  are 
based  on  my  own  study  of  specimens  from  the  regions  mentioned.  Any 
correlation  of  the   charophytes   of  this   state  with  those  found  in  the 


lrThe    hospitality   and    aid    of   Dr.    Murvel    Garner   and    students    at    the 
Earlham   College   Biological  Station,  Dewart  Lake,   Indiana,   is  appreciated. 
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rest  of  North  America  must  necessarily  be  tentative  as  wide  areas  have 
not  been  studied  thoroughly  or  at  all.  Distributions  based  on  published 
literature  are  misleading  because  of  the  differences  among  specialists 
concerning  the  concept  of  species. 

Geographic  Regions 

Any  understanding  of  plant  distribution  must  depend  on  an  under- 
standing of  the  plant  habitat,  for  the  attached  Characeae  occur,  just  as 
higher  plants,  necessarily,  in  a  suitable  environment.  Bodies  of  water 
over  the  world  had  their  origins  at  different  times  during  the  history 
of  the  earth.  Great  cataclysms  such  as  volcanic  activity  or  glacial 
ravages  changed  the  surface  of  the  earth  and  often  produced  lake  groups 
and  drainage  systems  of  different  kinds.  According  to  other  reports, 
the  development  of  the  charophytic  flora  in  different  parts  of  the  world 
often  show  species  related  to  particular  kinds  of  aquatic  habitats  even 
though  many  charophytes  are  ubiquitous. 

In  Indiana,  aquatic  habitats  are  interesting  inasmuch  as  the  Late 
Wisconsin  glaciation  had  its  borders  within  our  state  and  as  a  result 
of  this  glacial  period,  about  a  thousand  lakes  were  formed  in  the 
morainic  northern  area.  It  is  in  these  lakes  often  connected  with  well 
developed  drainage  systems  rich  in  calcium  carbonate  and  to  a  lesser 
extent  magnesium  carbonate  and  other  important  minerals  that  the 
greatest  expanse  and  variety  of  charophytic  flora  is  found  in  Indiana. 
The  pH  varies  in  some  representative  lakes  from  7.1  in  the  deep  basins 
to  around  8.3  at  the  surface.  The  habitat  of  charophytes  is  nearer  the 
latter  limit.  For  other  chemical  and  physical  data  consult  Will  Scott 
(16),  Evermann  and  Clark  (6).  Some  streams  studied  would  average  a 
pH  of  about  7.5  (14). 

Glacial  drift  spread  over  Indiana  from  the  Wisconsin  and  other 
glaciations  to  a  depth  of  as  great  as  500  ft.  in  some  valleys.  Sand, 
gravel,  clay  and  occasional  boulders  with  organic  matter  were  tumbled 
together  to  form  a  productive,  usually  well-drained  soil.  Some  pre- 
dominantly clay  areas  are  less  well-drained.  Sand  and  gravel  were 
not  uniformly  deposited  so  that  distribution  of  some  species  of  the 
Characeae  seems  to  be  affected  by  the  occurrence  of  different  substrates 
in  the  aquatic  habitats.  Peat  in  bogs,  marl  deposits,  silt  from  erosion 
and  sedimentation  of  organic  matter  from  the  decay  of  plant  material 
all  seem  to  be  important  in  the  distribution  of  some  of  the  species 
found  in  Indiana.  Other  species  show  a  wide  range  of  tolerance  to 
various  substrates. 

Glaciation  covered  most  of  the  remaining  part  of  Indiana,  so  that 
only  the  central  southern  portion  including  the  hilly,  "Knobs  Area" 
remained  unglaciated.  Some  glacial  material,  moreover,  was  washed 
into  this  area  by  streams  fed  by  melting  glacial  ice.  The  residual  soils 
of  the  Knobs  Area  are  comparatively  acid  where  much  leaching  has 
removed  the  carbonates  except  where  fresh  erosion  and  springs  bring 
carbonates  from  outcropped  rock.  Some  artificial  lakes  in  this  area 
have  a  pH  from  6.5  to  7.0  at  the  surface.  In  the  central  "Tipton  Till" 
area   of  the   state,   soils   and   water  are   in   general   neutral   to   slightly 


Botany  97 

alkaline  and  are  softer  than  in  the  lakes  of  the  northern  morainic  area. 
However,  they  contain  sufficient  electrolytes  to  be  very  productive. 

S.  S.  Visher  (19)  summarizes  the  geographic  regions  in  Indiana  as 
follows:  "Northern  Indiana  was  most  recently,  and  most  strikingly 
glaciated,  Central  Indiana  was  notably  affected  by  an  earlier  ice  sheet, 
but  most  of  the  glacial  effects  are  less  obvious.  The  core  of  Southern 
Indiana  was  not  glaciated,  and  the  rest  was  glaciated  relatively  long 
ago,  with  most  of  the  effects  not  inconspicuous." 

Climate 

We  owe  the  large  number  of  permanent  bodies  of  water  in  Indiana 
in  part  to  the  humidity  of  the  region.  It  is  unlike  arid  areas  where 
the  water  evaporates  to  produce  dry  lake  beds  and  temporary  pools. 
The  average  rainfall  here  is  about  39  inches  a  year.  The  leaching  of 
soil  because  of  heavier  rainfall  in  the  southern  part  of  the  state  probably 
accounts  for  part  of  the  distributional  patterns  shown  by  the  Characeae 
in  Indiana.  Since  this  region  is  rough  in  topography,  heavier  rainfall 
is  caused  in  the  hills  by  clashes  of  cold  and  warm  air  drafts.  In  this 
way,  temperature  is  also  involved  in  producing  types  of  habitats  sig- 
nificant in  charophytic  distribution.  It  is  thought  that  these  conditions 
influenced  the  southern  extension  of  the  Pleistocene  ice  sheet  (18).  The 
temperature  of  the  southwestern  part  of  the  state  is  about  5°  F.  higher 
than  the  northern  part  as  an  average  with  much  greater  differences  in 
the  extremes  of  summer  and  winter.  Speaking  of  higher  plants,  C.  C. 
Deam  (5)  states  that  there  are  an  average  of  158  growing  days  in  the 
northern  part  of  the  state  as  compared  with  188  in  the  southern  part, 
so  we  seem  to  be  in  a  transition  area  for  both  higher  and  aquatic 
plant  life. 

Light 

Light  intensity  and  length  of  day  seem  particularly  important  to 
the  growth  and  reproduction  of  some  of  the  Characeae  (11).  The  amount 
of  light  available  to  charophytes  is  not  the  same  as  that  available  to 
terrestrial  plants  (except  for  a  few  emergent  species)  in  that  light 
must  travel  through  water  before  reaching  them.  Clear  water  will  reflect 
and  absorb  light  and  the  disturbance  of  its  surface  causes  a  loss  of  even 
more  light  transmission.  Anything  such  as  plankton,  silt  or  other 
suspended  materials,  cause  less  light  to  reach  the  submerged  charophytes. 
Other  factors  such  as  thermacline  and  evaporation  along  with  humidity 
affect  the  amount  of  suspended  materials  and  thus  the  amount  of  light 
reaching  the  Characeae.  The  distribution  of  Charw  aspera  v.  Macounii 
is  undoubtedly  affected  by  the  light  factor.  It  has  been  found  in  Indiana 
only  in  very  shallow  water  on  the  edge  of  glacial  lakes  scoured  of  other 
vegetation  by  the  action  of  ice  and  waves  in  winter.  Here,  undoubtedly 
this  species  finds  more  light  and  little  competition  from  shading  by  other 
aquatic  plants. 

Another  species,  Chara  contraria,  seems  to  be  tolerant  to  a  rather 
wide  range  of  light  intensity,  on  the  other  hand.  It  has  been  found  as 
an  emergent  plant  at  the  shore  and  growing  submerged  to  a  depth  of 
about  15  to  25  feet,  about  the  limit  of  tolerance  for  charophytes  here. 
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Therefore,  the  usual  ecological  concept  of  zonation  of  the  Characeae  in 
deeper  water  with  emergent  and  floating  vegetative  zones  approaching 
from  shore  is  not  supported  by  these  observations.  In  fact,  if  one 
should  make  transects  from  shore  to  deep  water  around  most  of  our 
lakes,  one  would  find  quite  different  vegetation  at  the  same  depth 
zone  in  different  parts  of  a  lake.  Some  areas  might  be  devoid  of  vegeta- 
tion depending  on  the  age  of  the  habitat,  ecological  requirements  of  the 
charophytes  growing  in  the  region,  dispersal  of  charophytic  reproductive 
bodies  to  the  site,  and  the  nature  of  the  micro-habitat. 

Biota,  Gases,  pH,  Minerals 

Even  though  a  number  of  general  factors  have  been  recognized 
as  influencing  the  natural  habitat  and  the  reciprocal  influence  of  the 
environment  on  biota  and  the  biota  on  environment,  complex  interrela- 
tionships among  the  factors  can  only  be  guessed  at  this  time.  For  in- 
stance, experimental  studies  have  shown  that  different  ranges  in  the 
concentration  of  calcium  carbonate  seem  optimal  for  the  growth  of 
the  algae  and,  particularly,  the  Characeae,  but  the  exact  nature  of  its 
action  has  not  been  demonstrated.  It  may  be  important  chiefly  as  a 
source  of  CO2,  as  a  buffer  to  control  pH,  and  possibly,  it  indicates  only 
traces  of  minerals  usually  associated  with  it  and  which  are  not  yet 
recognized  as  being  important  in  the  mineral  nutrition  of  the  Characeae. 

Chara  vulga?*is  is  usually  considered  to  be  a  common  species,  but 
is  less  common  in  this  region  than  C.  contraria  and  C.  globularis.  It 
occurs  in  rivers,  spring-fed  bogs  with  mud  and  peat  bottoms,  respectively, 
and  is  associated  with  lakes  fed  by  springs.  The  occurrence  of  iron  in 
the  habitats  where  it  is  found  suggests  that  iron  or  some  associated 
mineral  may  be  the  chief  factor  influencing  its  distribution  in  this  area. 
Stroede  (17)  considers  this  species  mesotrophic  for  iron. 

Organic  Matter 

The  balance  of  organic  matter  on  the  substrate,  depending  on  com- 
plex interrelationships  between  the  growth,  death  and  decay  of  various 
organisms  and  their  activities,  is  important  in  the  distribution  of  the 
Characeae.  Nitella  tenuissima  var.  compacta  has  been  found  in  Indiana 
invariably  attached  to  hummocks  of  soft  peat  in  shallow  waters  of 
glacial  lakes  in  northern  Indiana.  All  charophytes  of  the  state  seem  to 
need  a  little  silt  and  sediment  before  appearing  in  a  young  habitat.  Other 
species  show  an  affiliation  for  organic  matter  to  a  lessor  degree  than 
Nitella  tenussima.  In  some  unshaded  areas  of  seepage  ponds  in  southern 
Indiana  which  contained  only  partially  decomposed  leaves,  no  charo- 
phytes were  found. 

Physical  Features  of  Lakes 

The  physical  features  of  a  lake  influence  the  nature  of  the 
charophytic  flora  there.  The  Guide  to  Indiana  Lakes  (10)  was  con- 
sulted for  acres  in  area,  average  and  maximum  depth  and  type  of 
bottom.  With  this  data  recorded  by  species  on  McBee  punch  cards,  some 
interesting  correlations  could  be  found.  Since  most  lake  bottoms  are 
not  uniform  over  their  entire  area  with  some  part  covered  by  a  different 
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substrate  than  others  or  since  an  area  may  be  a  mixture  of  materials 
and  have  different  types  of  deposits  mentioned  earlier,  supplementary 
data  were  necessary  in  some  instances  from  observation  of  the  habitat 
to  show  associations  of  the  Characeae  to  the  kind  of  habitat. 

The  basins  of  lakes  are  important  in  distribution  of  the  Charaeae 
in  several  ways.  Deep  lakes  are  stratified  in  the  summer,  the  boundary 
between  thermocline  and  hypolimnion  being  about  27  feet  deep  in  some. 
This  is  about  the  maximum  depth  to  which  the  Characeae  grow  in  this 
region,  usually.  If  there  are  gradually  sloping  basins,  a  large  charophytic 
flora  is  afforded  a  substrate  in  optimal  light  conditions.  If  the  lake 
is  steep-sided,  such  as  part  of  Gentian  Lake  in  Steuben  County,  the 
Characeae  and  many  other  submerged  aquatics  stop  abruptly  at  about 
15  to  25  feet  in  depth.  South-facing  slopes  such  as  demonstrated  at 
Gentian  Lake  receive  more  light  than  north-facing  ones  affecting 
growth  of  the  Characeae  even  as  an  effect  by  north-facing  and  south- 
facing  slopes  has  been  noted  for  terrestrial  vegetation.  Maturation 
with  attendant  interrelated  changes  in  a  lake  is  influenced  by  the  slope 
of  the  basin.  Steep-sided  lakes  mature  slower  and  this  is  partly  due  to 
less  chance  of  shore  vegetation  piling  up  on  the  margin  thus  allowing 
more  vegetation  to  grow  there.  This  begins  the  filling  of  the  lake  at  the 
margins  and  then  reaches  the  boggy,  marshy  and  finally  terrestrial 
status. 

The  margin  of  a  lake  may  influence  the  occurrence  of  the  charo- 
phytes  particularly  on  the  north  and  east  sides  of  our  lakes.  If  the  lake 
has  a  large  surface  area  with  much  wave  action,  an  irregular  lake 
margin  will  supply  protected  coves  where  charophytes  might  grow. 
Otherwise,  wave  action  might  make  these  areas  unsuitable  for  growth. 

The  drainage  system  affects  the  charophytic  flora  in  a  lake  in 
that  a  lake  with  an  inlet  receives  silt  which  may  be  deposited  heavily  on 
the  bottom  near  it.  Rheophiles  or  river-loving  charophytes  may  occur 
on  such  silted  areas.  Nitella  flexilis  is  one  of  these  species,  being  found 
invariably  on  heavily  silted  bottoms  of  lakes  or  rivers.  With  also  an 
outlet,  stagnation  is  decreased  in  a  lake,  and  there  is  some  loss  of  sus- 
pended or  dissolved  materials. 

Hills  on  the  southwest  side  of  lakes  may  protect  them  somewhat 
from  the  prevailing  southwest  wind  which  we  have  in  Indiana.  This 
reduces  wave  action  and  disturbs  the  lake  bottom  less,  thus  creating 
less  surface  reflection  of  light  so  that  charophytes  receive  more  light 
in  protected  water.  Wave  action  as  well  as  currents  in  streams  and 
lakes  influence  the  distribution  of  the  Characeae.  They  are  primarily 
inhabitants  of  quiet  waters,  but  rivers  do  afford  in  the  quiet  ponded  areas 
an  acceptable  habitat  to  a  few  charophytes  such  as  Nitella  flexilis,  Chara 
globularis,  C.  vulgaris,  C.  sejuncta,  C.  zeylanica,  C.  contraria  and  C. 
Braunii. 

The  area  drained  about  the  habitat  has  some  effect  on  it.  If  rich 
farmland  surrounds  the  waters,  the  habitat  will  support  certain  species 
different  from  those  in  poorer  farming  conditions.  Of  course,  there 
are  species  with  a  wide  tolerance  in  mineral  nutrition  which  might 
occur  in  rich  and  poor  farming  districts. 
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Habitat  Changes 

Our  aquatic  habitats  are  often  changed,  some  in  the  short  span  of 
this  work.  These  are  more  often  wrought  by  man  in  this  age  than 
natural  forces,  as  far  as  sudden  changes  are  concerned,  although  the 
process  of  maturation  usually  moves  relentlessly  forward.  Many  of  the 
lakes  are  apparently  capable  of  supporting  the  same  species  for  many 
years  and  are  stable  in  this  respect.  For  instance,  I  found  most  of  the 
species  growing  in  Lake  Maxinkuckee  as  were  found  there  during  the 
Evermann  and  Clark  (6)  study  over  fifty  years  ago.  Other  sites  revisited 
during  the  sixteen  years  of  this  study  were  found  to  be  more  or  less 
stable.  Ponds  and  river  pools  seem  to  provide  a  less  stable  habitat. 
However,  due  to  draining,  damming,  dredging,  dumping  of  sewage 
and  treating  with  chemicals,  many  bodies  of  water  are  constantly 
changed. 

Dispersal  and  Ecesis 

Despite  the  suitability  of  a  habitat,  an  oospore  or  some  vegetative 
reproductive  structure  of  the  Characeae  must  be  dispersed  to  the  site 
before  ecesis  can  take  place.  It  seems  that  this  is  one  of  the  most 
important  factors  in  charophytic  distribution.  One  is  impressed  with 
the  randomness  of  dispersal  when  surveying  the  aquatic  meadows  of 
the  shallow  water  of  a  lake.  In  bodies  of  water  varying  little  in  depth, 
and  with  little  variation  in  bottom,  shading,  etc.,  one  observes  only 
scattered  colonies  of  Chara  contraria,  a  common  species  showing  great 
tolerance  to  varying  conditions  in  the  habitat.  The  open  areas  show 
lack  of  dispersal  there. 

Long  distance  dispersal  can  be  effected  by  birds  apparently  during 
migration.  It  has  been  reported  that  oospores  can  be  carried  in  the 
digestive  tract  of  birds  unharmed.  The  vegetative  reproductive  struc- 
tures can  also  be  transported  by  birds  and  other  animals  by  clinging 
to  them  and  are  capable  of  withstanding  desiccation.  The  production  of 
a  large  number  of  reproductive  structures  equipped  to  be  transported 
unharmed  and  viable  in  a  variety  of  habitats  would  greatly  facilitate 
distributing  the  different  species  of  charophytes  widely.  It  is  noteworthy 
that  two  dioecious  species,  Nitella  opaca  and  Chara  aspera  v.  Macounii, 
occurring  in  Indiana  are  not  a  significant  part  of  the  aquatic  flora  in 
this  region.  Although  other  factors  influence  their  distribution,  dioecious- 
ness  and  randomness  of  fertilization  undoubtedly  also  limit  their  occur- 
rence. Fewer  fertile  oospores  would  be  produced  thus  minimizing  this 
type  of  dispersal.  Chara  aspera  v.  Macounii  very  often  is  entirely  sterile 
in  this  region,  so  that  conditions  may  not  be  optimum  for  production 
of  oospores  at  all  here. 

After  germination,  the  young  plant  may  need  conditions  for  growth 
not  met  by  all  habitats,  so  that  this  could  be  a  limiting  factor  in  the 
distribution  of  charophytes.  Experimental  studies  might  clarify  this 
subject.  If  the  species  can  compete  successfully  with  other  vegetation, 
it  will  succeed  in  a  new  habitat  where  a  species  with  restricted  needs 
might  fail. 
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Distributional  Analysis  by  Species 

A  brief  distributional  analysis  for  each  species  follows: 

Chara  aspera  var.  Macounii  T.  F.  Allen  has  been  found  only  in  the 
glacial  lake  area  in  Kosciusko,  Marshall  and  Steuben  Counties  from 
lakes  having  bottoms  of  different  kinds  including  sand  and  gravel,  marl 
and  gravel,  sand,  marl,  and  muck.  These  lakes  are  classed  as  semi-hard 
lakes  generally  and  usually  have  clear  water.  This  species  occurs  on  the 
ice-scoured  bottom  in  shallow  water  where  there  is  little  competition 
and  good  light  transmission. 

This  is  a  dioecious  species  often  found  without  fruiting  bodies  in 
this  area,  so  its  distribution  may  be  limited  by  this  factor. 

It  is  found  north  and  west  of  Indiana,  the  lake  region  in  this  state 
being  the  southern  limit  of  its  distribution  in  this  area.  It  may  be  a 
poor  competitor  in  our  vegetation  because  it  is  better  adapted  to  colder 
climates.  Its  habit  in  shallow  water  here  would  subject  it  to  average 
temperatures  warmer  than  found  farther  north,  so  this  area  may  be 
critical  for  this  species. 

Chara  Braunii  Gmel.  has  been  collected  very  frequently  over  much 
of  the  state  both  in  glaciated  and  unglaciated  regions.  The  nature  of 
the  habitat  ranges  from  sloughs  to  lakes  of  2,618  acres  in  area,  but 
shallow  water  on  a  sandy  bottom  seems  preferred.  Gravel,  mud  and  marl 
bottoms  also  support  its  growth. 

Although  this  seems  to  be  a  well-dispersed  species  in  this  area 
and  the  rest  of  North  America,  it  usually  comes  from  the  well-lighted 
habitat  and  in  some  regions  (Kiener,  12)  seems  characteristically  a  part 
of  the  flora  of  intermittent  pools.  Only  one  habitat  here  might  be  classed 
as  intermittent  or  temporary. 

Chara  Brittonii  T.  F.  Allen  was  unknown  except  for  the  type 
specimen  collected  in  New  Jersey  until  the  collections  from  Indiana. 
It  has  been  collected  only  in  bog  ponds  here  in  LaPorte  and  Randolph 
Counties. 

A  collection  deposited  in  my  herbarium  from  Fish  Lake,  Berry 
County,  Michigan,  extends  its  rather  limited  known  range.  A  study  of 
this  species  and  its  range  limits  should  be  very  interesting,  since  it  is 
a  very  unique  species  being  entirely  ecorticate  with  two  series  of 
stipulodes  at  a  stem  node.  Its  small  size  and  occurrence  in  shallow  water 
along  with  young  plants  of  other  species  may  account  for  its  being 
overlooked.  It  is  probably  much  more  common  than  indicated  by  the 
frequency  of  its  collection. 

Chara  contraria  A.  Br.  is  the  most  frequently  found  charophyte 
in  the  state  being  found  in  glacial  and  unglaciated  areas  and  covering 
large  portions  of  young  and  old  habitats  with  aquatic  meadows.  It  is 
a  prominent  member  of  our  gravel  pit  flora  particularly  and  seems  to 
grow  there  when  other  charophytes  do  not.  It  has  been  found  on  many 
types  of  bottom  such  as  mud,  muck,  marl  and  muck,  sand,  clay.  Types  of 
habitat  range  from  many  lakes  in  the  glacial  lake  region,  bogs,  oxbows 
of  a  river,  excavated  ponds,  lake  channels,  river  bayou,  marl  pit,  gravel 
pits,  river,  river  ponds,  and  drainage  ditches.  This  species  apparently 
has  a  wide  range  of  tolerance  to  dissolved  minerals,  types  of  bottom 
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for  anchorage  and  light  intensity  as  mentioned  earlier.  It  has  been 
found  growing  emergent,  submerged  in  shallow  water  and  then  into 
water  up  to  about  25  feet  deep. 

It  is  an  early  arrival  in  a  new  habitat,  appearing  as  soon  as  a 
small  amount  of  silt  or  sediment  has  accumulated. 

This  species  seems  well  distributed  over  North  America  judging 
from  the  specimens  I  have  seen. 

Chard  delicatula  Ag.  has  been  reported  only  in  the  glacial  lake  region 
of  the  state  in  Marshall,  Noble  and  Porter  Counties.  It  was  found  in  a 
variety  of  habitats:  lake  with  marl  bottom,  on  muck  in  the  outlet  of  a 
lake,  and  large  lakes  with  sand  and  muck  bottoms.  It  grew  in  shallow 
as  well  as  deep  water. 

This  species  does  not  compete  very  successfully  with  other  aquatics 
and  seems  to  occur  in  a  few  scattered  areas  over  the  North  American 
continent.  The  fact  that  the  antheridia  may  mature  and  be  almost  all 
gone  by  the  time  the  oogonia  are  well  developed  may  have  a  limiting 
effect  on  the  distribution  of  this  species. 

Chara  excelsa  T.  F.  Allen  is  another  species  found  infrequently  in 
small  quantities  in  the  lake  region  of  the  state  in  Kosciusko  and 
Steuben  Counties.  It  does  not  compete  well  with  other  aquatics  in  this 
area. 

Three  large  lakes  of  233  to  2,618  acres,  one  of  which  had  sand  and 
two  of  which  had  marl  bottoms  were  the  only  habitats  where  this  was 
found.  These  were  relatively  deep  lakes  with  a  maximum  depth  of  56 
to  68  feet. 

It  was  associated  each  time  of  collection  with  Chara  contraria. 

Very  little  is  known  about  the  distribution  of  this  species,  the  report 
from  Indiana  being  the  first  since  the  original  description.  It  has  been 
found  in  Nebraska  besides  having  been  found  originally  in  New  York. 

Chara  globularis  Thuill.  is  found  very  frequently  in  Indiana.  It  must 
have  a  wide  range  of  tolerance  to  varying  ecological  conditions  inasmuch 
as  it  has  been  collected  from  a  variety  of  habitats.  This  species  comes 
from  small  artificial  ponds  in  clay  areas,  the  largest  natural  lake  in 
Indiana,  Lake  Wawasee,  with  an  area  of  2,618  acres  and  from  shallow 
to  deep  lakes.  It  has  occurred  in  strip  coal  mine  ponds,  a  river,  artificial 
small  ponds,  small  to  large  lakes  in  unglaciated  as  well  as  glaciated 
regions,  limestone  quarry  ponds,  gravel  pit  ponds,  swampy  areas  and 
a  bog.  A  variety  of  bottoms  included  sand;  gravel;  marl;  mud;  clay; 
a  mixture  of  shale,  sandstone  and  coal;  limestone;  peat  and  silt.  On  rocky 
substrates  a  thin  layer  of  sediment  was  necessary  before  charophyte 
growth  began. 

This  species  can  be  found  from  shallow  to  15  to  20  feet  of  water; 
so  it  is  tolerant  to  various  intensities  of  light  up  to  that  limit  as  well 
as  a  variety  of  other  conditions. 

It  is  widespread  in  distribution  over  North  America. 

Chara  hydropitys  var.  septentrionalis  Nordst.  is  infrequently  col- 
lected in  the  state  and  is  not  abundant.  It  comes  from  Jackson,  Marshall, 
Morgan,  Lake,  Porter  and  Wayne  Counties,  so  far,  and  is  a  characteris- 
tically shallow  water  to  emergent  form.    As  might  be  expected,  it  has 
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been  found  in  sloughs,  temporary  ponds  and  the  very  shallow  water  of 
small  lakes  on  sand,  clay,  peat,  mud  and  gravel.  It  comes  from  glaciated 
and  unglaciated  regions  showing  a  wide  tolerance  to  different  elec- 
trolytes. 

Since  there  is  more  light  penetration  in  shallow  water  and  since 
this  species  may  also  be  emergent,  the  habitat  would  be  warmer  than 
deeper  waters,  and  may  indicate  a  preference  for  warm  habitats.  It 
flourishes  and  develops  fertile  oospores  under  these  conditions.  Less 
competition  would  be  met  in  the  new  habitat  of  a  temporary  pond  or 
scoured  edge  of  a  lake,  too. 

It  has  a  very  light  representation  in  my  herbarium  from  North 
America,  but  from  the  specimens  seen,  it  would  seem  that  this  species 
is  reaching  a  critical  zone  in  its  distribution  in  the  glacial  lake  region 
in  Indiana,  this  being  the  northern  boundary  in  this  regon.  It  has 
been  found  as  far  west  as  Kansas,  east  to  New  Jersey  and  south  to 
South  America  with  New  York,  the  most  northern  occurrence. 

Chara  keukensis  (T.  F.  Allen)  Robinson  is  very  similar  in  morph- 
ology and  habit  to  the  preceding  species,  and  also  seems  tropical  to 
subtropical  in  affinities.  It  has  a  very  light  representation  in  the 
herbarium  from  North  America  also.  It  would  seem  that  this  species 
is  on  the  northern  limits  of  its  distribution  in  this  region,  too.  It  comes 
from  locations  both  in  and  out  of  the  glaciated  area  having  been  found 
in  Jackson,  Steuben,  Cass,  Lake  and  LaPorte  Counties. 

Chara  Kieneri  F.  K.  Daily  is  a  peculiar  species  having  been  described 
by  the  author  (3)  in  1949  from  specimens  collected  by  Walter  Kiener 
in  Nebraska.  It  has  been  found  in  both  glaciated  and  unglaciated  regions 
of  Indiana  from  Clay,  Kosciusko,  Lawrence,  Newton  and  Steuben  Coun- 
ties. Habitats  include  artificial  ponds,  ponds  in  strip  coal  mines  and 
lakes  with  112  to  2,618  acres  in  area  with  wide  variation  in  average 
depth.  Bottoms  ranged  from  sand,  mud,  gravel  and  marl  to  the  shale, 
sandstone,  coal  and  clay  combination  found  in  the  strip  mine  pond.  This 
species  is  never  a  very  conspicuous  part  of  the  vegetation,  and  is  not 
found  in  very  shallow  water. 

The  distribution  records  for  the  rest  of  North  America,  are  meagre, 
but  so  far  they  come  from  as  far  west  as  Colorado  and  north  into  Canada. 
Indiana  being  on  the  southern  limit  of  distribution.  It  might  be  inter- 
esting to  mention  that  this  species  was  found  in  the  isolation  of  a 
mountain  lake  at  5,000  ft.  in  altitude  in  Colorado  growing  with  the  rare 
species,  N.  opaca.     (i.e.  rare  in  Indiana) 

Chara  sejuncta  A.  Br.  has  been  found  predominantly  in  the  southern 
half  of  Indiana  from  Spencer,  Brown,  Clay,  Dubois,  Jackson,  Jennings, 
Monroe,  Orange,  Washington  and  Sullivan  Counties.  It  also  covered 
large  portions  of  the  bottoms  of  some  artificial  lakes  of  Parke  County, 
central  Indiana.  Glacial  lakes  in  Marshall,  Steuben  and  Porter  Counties 
in  northern  Indiana  had  only  scattered  plants  or  small  colonies.  Arti- 
ficial habitats  with  muck  or  mud  bottoms  seem  typical  for  this  species 
in  this  region.  Underlying  layers  may  be  sand,  gravel  or  clay.  The  type 
of  habitat  ranges  from  the  Calumet  River;  to  strip  coal  mine  ponds; 
artificial    lakes    created   by   damming   a    stream;    heavily   silted   highly 
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evolved  glacial  lakes  with  muck  bottom,  glacial  lake  outlets  with  muck 
sediment  and  seepage  ponds. 

From  the  specimens  I  have  examined,  it  seems  to  occur  from  Missouri 
to  the  eastern  part  of  the  United  States  and  from  Ontario,  Canada 
into  South  America,  but  the  bulk  of  the  collections  come  from  the 
southeastern  part  of  the  United  States,  so  the  central  part  of  Indiana 
appears  to  be  approaching  the  critical  zone  for  this  species  with  northern 
occurrences  in  the  lake  region  rare  and  the  stand  small. 

Chara  vulgaris  Vaill.  ex  L.  is  usually  considered  a  common  species, 
but  is  less  common  in  this  region  than  C.  contraria  and  C.  globularis. 
It  has  been  found  in  St.  Joseph,  Tippecanoe,  Wayne,  Carroll,  Cass, 
Henry,  LaGrange,  Marion,  Marshall,  Putnam,  Starke,  Steuben,  Kosciusko, 
Lake  and  Randolph  Counties  in  glaciated  regions  chiefly  in  the  northern 
half  of  the  state. 

This  species  quite  often  is  associated  with  lakes  and  other  bodies 
of  water  fed  by  springs  or  artesian  wells  indicating  that  mineral  nutrition 
is  important  in  distribution.  Habitats  include  rivers,  springs,  artificial 
ponds,  lakes,  gravel  pit  ponds,  marl  pit  ponds,  and  a  bog  pond  fed 
by  an  artesian  well.  Substrates  include  gravel,  mud,  marl,  clay,  peat 
and  sand. 

This  species  is  widely  distributed  over  North  America. 

Chara  zeylanica  Willd.  has  four  forms  found  in  Indiana. 

f.  Michauxii  (A.  Br.)  H.  &  J.  Gr.  has  been  found  as  a  shallow 
water  form  in  a  variety  of  habitats  widely  scattered  over  the  state  in 
Clay,  Harrison,  Kosciusko,  Marshall,  Noble,  Jefferson,  and  Whitley 
Counties.  The  habitats  include  lakes,  gravel  pit  ponds,  artificial  ponds, 
rivers,  limestone  quarry  and  glacial  lakes  up  to  about  478  acres  in  area. 
The  bottoms  were  predominantly  calcareous  including  gravel,  marl, 
limestone  and  mud  in  either  glacial  or  calcareous  regions,  so  the  distri- 
bution of  this  form  seems  influenced  by  its  being  a  calciphile. 

The  occurrence  of  this  form  as  a  rather  insignificant  part  of  the 
vegetation  indicates  that  the  environment  and  dispersal  in  Indiana  are 
not  ideal  for  it. 

f.  Humboldtiana  (A.  Br.)  Zanev.  also  seems  to  be  a  calciphile  being 
found  on  gravel  and  mud,  gravel  and  muck.  It  has  been  found  in  two 
counties,  Bartholomew  and  Kosciusko  in  the  glaciated  area  of  the  state. 
This  is  also  a  shallow  water  form  being  found  at  the  edge  of  a  small 
lake  (18  acres)  and  in  some  shallow  artificial  ponds. 

f.  inconstans  (Kiitz.)  H.  &  J.  Gr.  has  been  found  only  once  here  in 
Bass  Lake,  Starke  County,  in  shallow  water  and  sand. 

f.  macilenta  (A.  Br.)  F.  K.  Daily  also  comes  predominantly  from 
sand  bottomed  habitats  in  the  glacial  lake  region  with  mud,  muck  and 
marl  deposits.  It  has  been  found  also  in  the  Calumet  River  (sand)  and 
a  number  of  small  to  large  lakes  (up  to  1,650  acres  in  area)  in 
Kosciusko,  Marshall,  Steuben,  Cass  and  Lake  Counties. 

This  form  is  found  more  frequently  than  any  other  of  this  species 
in  this  state,  but  the  species  as  a  whole  does  not  form  a  prominent  part 
of  the   aquatic  flora  here.    It  is   common   in  the   southern  part  of  the 
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United  States  especially  in  Florida.  It  is  possible  that  the  temperature 
in  Indiana  is  too  cool  for  the  best  growth  of  this  species. 

Nitella  acuminata  var.  subglomerata  A.  Br.  comes  from  two  loca- 
tions in  Indiana  and  appears  to  be  a  southern  species  being  found  in 
Jackson  and  Sullivan  Counties.  One  collection  came  from  a  shallow 
seepage  pond  with  sandy  bottom  and  the  other  collection  came  from 
an  artificial  lake  covering  an  outcrop  of  bedrock  from  the  Pennsylvanian 
system,  Petersburg  formation,  according  to  Freeman  (7).  This  formation 
contains  limestone,  shale  and  coal.  The  lake  bed  is  listed  as  being  gravel. 
Both  areas  would  be  poorer  in  electrolytes  than  lakes  in  the  glacial  lake 
region.  The  area  of  Shakamak  Lake  is  52  acres,  with  its  five  long  narrow 
prongs  resulting  in  much  quieter  water  than  if  it  were  a  round  lake. 

This  variety  of  Nitella  acuminata  seems  rather  widely  distributed 
over  the  United  States  apparently  requiring  quite  a  lot  of  light  having 
been  found  in  shallow  ponds  prevalently  and  less  calcareous  regions 
than  the  glacial  lake  region  of  Indiana.  Representative  collections  from 
other  regions  substantiate  these  findings.  Specimens  sent  by  Walter 
Kiener  from  Nebraska  were  found  often  in  rain  pools  of  intermittent 
nature.  From  Kentucky,  A.  T.  Hotchkiss  (9)  sent  specimens  from  a 
sinkhole  pond  in  a  limestone  region,  Meade  Co.  and  a  pond  from  the 
Knobs  area,  Jefferson  Co.,  possibly  conforming  to  the  pattern  of  oc- 
currence 

Nitella  flexilis  (L.)  Ag.  var.  flexilis  and  N.  flexilis  var.  subcapitata 
(A.  Br.)  Crepin  have  been  found  in  widely  scattered  locations  over 
the  state.  They  occur  in  Steuben,  Kosciusko  and  Marshall  Counties  from 
the  glaciated  lake  region,  Marion  County  from  the  central  region,  and 
Brown  County  in  the  Knobs  area  in  the  southern  part  of  the  state. 
Although  the  underlying  soil  ranges  from  sand,  mud,  clay  and  marl 
with  water  from  medium  hard  to  soft,  there  is  one  feature  displayed 
by  all  habitats  which  seems  significant.  They  all  had  a  fine  textured 
silt  rather  heavily  deposited  on  the  bottom  where  this  species  was  found. 
In  a  large  lake,  it  was  found  near  an  inlet  where  silt  had  been  deposited. 
It  also  seems  adapted  to  living  in  subdued  light.  This  would  be  necessary 
in  a  silt  laden  environment  because  of  the  suspension  of  silt  in  the  water 
at  least  some  of  the  time.  The  species  will  grow  in  shaded  waters,  too, 
and  in  rather  deep  locations. 

Area  and  depth  of  the  body  of  water  is  not  significant  in  the 
distribution  of  this  species  because  the  habitat  ranges  in  Indiana  from 
the  marshy  at  the  outlet  of  Lake  Maxinkuckee  through  river  ponds, 
small  lakes  and  finally  the  largest  lake  of  Indiana,  Lake  Wawasee, 
covering  2,618  acres  having  a  maximum  depth  of  68  feet.  I  usually 
consider  Nitella  flexilis  as  typically  a  rheophile  or  river  dweller,  though 
in  Indiana  so  far  it  has  been  found  more  often  in  lakes  but  near  the 
inlet  of  glacial  lakes  or  in  lakes  which  are  dammed  streams.  Numerous 
specimens  have  been  seen  from  North  America,  the  species  apparently 
being  well  distributed. 

Nitella  megacarpa  T.  F.  Allen  has  been  collected  in  three  locations 
in  Indiana  all  within  the  glacial  lake  district,  Marshall,  Porter  and 
Starke  Counties.    The  type  of  habitat  is  consistent  in  that  these  were 
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shallow  lakes  (4  to  6  foot  average  depth)  poorly  drained  with  muck 
or  muck  and  sand  bottoms.  This  would  suggest  fairly  soft  water.  The 
area  varied  from  one  having  only  a  few  acres  to  a  lake  having  1,405 
acres. 

This  species  is  not  found  often  in  Indiana  and  usually  only  a  few 
plants  constitute  the  collection.  Very  few  specimens  have  been  seen 
from  the  rest  of  the  U.  S.,  but  the  distribution  seems  to  be  in  the 
southeastern  United  States. 

Nitella  opaca  Ag.  is  rare  in  Indiana  being  collected  only  once  in  a 
drainage  ditch  at  Elliott's  Mills  bog,  Wayne  County,  Indiana.  M.  S. 
Markle  (13)  describes  the  habitat  in  the  following  manner,  "It  was 
necessary  to  blast  through  rock  in  order  to  get  an  outlet  for  the  bog." 
The  bog  is  in  a  depression  in  Niagra  limestone.  Hasslow  (8)  mentions 
the  frequency  with  which  this  species  was  found  on  bedrock  in  Sweden. 
A  habitat  having  bedrock  with  also  water  from  the  bog  supplying 
acidity  to  act  upon  the  bedrock  would  be  scarce  in  this  region,  which 
may  explain  the  rare  occurrence  of  this  species,  since  it  seems  to  be 
adapted  to  this  type  habitat.  In  addition,  it  is  dioecious  and  this  hinders 
wide  dispersal. 

The  occurrence  of  N.  opaca  in  the  rest  of  the  United  States  seems 
scattered  and  infrequent  judging  from  the  specimens  seen. 

Nitella  tenuissima  var.  compacta  A.  Br.  is  another  species  occurring 
entirely  in  the  glacial  lake  area  of  the  state  in  Kosciusko,  Marshall  and 
Steuben  Counties.  Area  of  the  lakes  varied  from  5  to  2,618  acres. 
This  species  was  found  invariably  in  shallow  water  on  muck  or  soft 
hummocks  of  peat,  often  partially  buried  in  the  soft  organic  substrate. 
The  bottom  was  of  various  kinds  including  sand,  gravel  and  marl. 

This  species  seems  rather  widely  distributed  over  the  country. 

Tolypella  prolifera  Leonh.  and  Tolypella  intricata  Leonh.  The  genus 
Tolypella  had  not  been  reported  in  the  state  until  the  work  of  the 
author.  It  has  been  found  in  evolved  glacial  lakes  and  ponds  near  them 
in  the  far  northeastern  area  of  the  state  in  Kosciusko  and  Steuben 
Counties.  Their  occurrence  only  in  quiet  areas  of  the  lakes  and  in 
artificial  ponds  is  probably  due  to  the  fragileness  of  this  genus.  These 
plants  would  be  easily  broken  off  by  wave  action.  They  grow  in  the 
semi-hard  water  lakes  and  ponds.  From  the  few  collections  made  in 
other  parts  of  North  America  which  I  have  examined,  it  would  seem 
that  our  lakes  area  is  the  southern  limit  of  a  genus  having  a  northern 
distribution  in  North  America. 

Summary 

Physical,  chemical  and  biological  factors  influencing  the  occurrence 
and  distribution  of  the  Characeae  of  Indiana  were  discussed. 

Analysis  shows  that  the  glacial  lake  area  in  Indiana  is  the  southern 
border  of  distribution  in  this  part  of  North  America  for  the  following 
species:  Tolypella  prolifera,  Tolypella  intricata  and  Char  a  aspera  v. 
Macounii. 

Indiana  is  at  the  northern  border  or  is  in  a  critical  zone  for 
northern    distribution    of    several    southerly    and    southeastern    species: 


Botany  107 

Nitella  megacarpa,  Char  a  hydropitys  v.  septentrionalis,  Char  a  keukensis, 
Chara  sejuncta  and  Char  a  zcylanica. 

Several  species  are  widely  distributed  over  North  America  and 
occur  often  in  Indiana,  these  are:  Chara  contraria,  C.  globularis,  Chara 
vulgaris,  Nitella  flexilis  and  Chara  Braunii. 

Other  species  known  from  scattered  areas  over  North  America  occur 
in  Indiana  infrequently:  Nitella  acuminata  v.  subglomerata,  Nitella 
tenuissima  v.  compacta  and  Chara  delicatula. 

One  species,  Nitella  opaca,  is  a  rare  species  for  Indiana  and  seems 
scattered  and  infrequent  over  the  rest  of  the  United  States. 

Three  other  rare  species  Chara  Brittonii,  Chara  excelsa  and  Chara 
Kieneri  are  little  known  being  reported  from  Indiana  the  first  time  since 
the  original  reports. 
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Botryosphaeria  ribis  on  Apple 

E.  B.  Williams,  Purdue  University 

For  the  past  seven  years  Botryosphaeria  ribis  (G.  &  D.)  has  been 
recognized  as  an  important  pathogen  on  certain  apple  varieties.  The 
organism  has  a  wide  host  range  on  woody  plants  and  is  omnipresent. 
It  is,  however,  weakly  parasitic  on  most  hosts  and  requires  certain  host 
predisposing  factors  for  disease  development.  It  is  of  potential  economic 
importance  throughout  the  apple  growing  regions  as  successful  isolations 
have  been  made  from  apple  wood  lesions  found  in  every  area  examined. 

Varieties  in  Indiana  have  been  found  to  vary  with  respect  to  sus- 
ceptibility. Golden  Delicious  and  Grimes  Golden  are  very  susceptible 
to  the  fruit  rot  stage;  while  Rome  Beauty  and  its  red  sport,  Gallia 
Beauty,  are  especially  susceptible  to  the  wood  canker  stage. 

Wood  infections  vary  from  extensive  deep  cankers  resulting  in 
limb  dieback  on  Rome  Beauty,  small  circular  lesions  on  Golden  Delicious, 
hard  raised  pimples  on  Cortland,  to  extensive  shallow  non-girdling  lesions 
on  Ben  Davis. 

On  Rome  Beauty  and  Gallia  Beauty,  visible  symptoms  developing 
from  new  infections  were  observed  from  early  June  until  September. 
New  infections  are  expressed  by  the  formation  of  a  liquid  filled  blister. 
This  enlarges  and  ruptures,  releasing  the  viscous  liquid  over  the  limb 
surface.  Growth  of  the  organism  usually  extends  rapidly  through  the 
wet  area,  forming  a  dark  sunken  lesion.  Lesion  extension  ceases  in  early 
autumn  and  marginal  splitting  may  occur.  Stromatic  bodies  are  formed 
under  the  periderm  during  autumn  and  winter.  Mature  conidia  are 
produced  as  early  as  mid-April  and  are  dispersed  at  periodic  intervals 
throughout  the  summer.  The  ascospore  stage,  produced  in  July,  is  rarely 
found  and  is  not  considered  important  in  the  perpetuation  of  the  organ- 
ism. Wounds  are  necessary  for  successful  infection. 

Fruit  infection  has  been  found  to  occur  at  any  time  from  first  cover 
to  harvest.  Wounds  or  cuticle  breaks  are  necessary  for  infection.  Infec- 
tions occurring  prior  to  mid-July  do  not  develop  into  visible  lesions 
until  fruits  are  mature.  Apparently  the  organism  remains  in  a  latent 
state  in  the  infection  site  until  compounds  favoring  fungal  growth  are 
present  in  the  fruit.  Infections  occurring  after  mid-July  produce  macro- 
scopic symptoms  within  a  short  time.  Most  B.  ribis  rot  symptoms 
present  prior  to  harvest  are  apparently  the  result  of  infection  during 
this  period. 

Fruit  rot  lesions  on  immature  fruits  develop  slowly  and  a  narrow 
red  ring  surrounding  the  lesion  may  be  evident  on  yellow  varieties.  Rot 
lesions  on  mature  fruits  spread  quickly,  forming  a  series  of  light-colored 
ovoid  spots  regularly  spaced  around  the  middle  or  lower  surface  of  the 
fruit.  These  coalesce  to  form  a  completely  rotten  light-colored  fruit. 
Syrupy  beads  of  exudate  form  on  the  surface  of  the  fruit. 

No  single  obvious  factor  apparently  predisposes  the  host  to  infec- 
tion.    Controlled    inoculation   tests    have    indicated   that   any   factor   or 
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combination  of  factors  which  reduce  tree  vigor  will  favor  disease  devel- 
opment. These  include  moisture  and  nutritional  deficiencies,  winter 
damage,  sunburning,  and,  with  the  fruit  rot  stage,  the  balance  of  con- 
centrations of  certain  sugars  and  tannins.  The  possibility  that  B.  ribis 
is  a  part  of  a  disease  complex  involving  other  microorganisms  (nema- 
todes, root  rot  fungi,  etc.)  cannot  be  overlooked. 

During  the  past  five  years  representatives  of  all  classes  of  fungi- 
cides have  been  tested  for  control  of  the  wood  canker  and  fruit  rotting 
stages  of  B.  ribis.  These  have  been  used  as  poultices,  slurries,  and 
sprays.  Two  materials,  Chlorosulfane,  (N-chloromethano-sulfon-N-tri- 
chloromethano-mercaptoanilide)  and  Panogen  (2.2%  methylmercury  di- 
cyandiamide)  during  spring  and  summer  applications  have  shown  promise 
as  a  control  for  the  wood  canker  stage.  Captan,  Captan  plus  lead  arse- 
nate, Phaltan  and  Phaltan  plus  lead  arsenate  through  the  summer  have 
been  the  most  effective  in  controlling  the  fruit  rotting  stage. 


The  Occurrence  and  Prevalence  of  Oak  Wilt  in  Indiana1 

Lawrence  R.  Schreiber  and  Ralph  J.  Green,  Jr.,  Purdue  University 

The  oaks  are  the  most  numerous  species  of  trees  in  Indiana  and 
are  commercially  the  most  important.  Seventeen  species  are  listed  as 
native  to  Indiana  by  Deam  (3).  There  are  4.1  million  acres  of  forests 
and  approximately  1,000  sawmills  in  the  state.  The  production  of  native 
grown  lumber  in  1949  was  183  million  board  feet  and  the  oaks  made 
up  about  45%  of  this  production.  Two-thirds  of  the  lumber  was  pro- 
duced in  southern  Indiana.  Oak  species  comprised  1,422,000,000  cubic 
feet  of  sound  wood  in  commercial  forest  land  in  Indiana  in  1950    (4). 

Oak  wilt,  caused  by  Ceratocystis  fagacearum  (Bretz)  Hunt,  was 
first  reported  in  Indiana  near  Gary  in  1949  by  Cummins  (2)  and  later 
by  Carter  and  Kuny  (1).  Surveys  conducted  by  Stearns  and  Crowder 
(6)  throughout  the  state  from  1952-1956  established  the  general  dis- 
tribution of  the  disease.  In  1955,  Schuder  (5)  reported  the  occurrence 
of  oak  wilt  in  39  of  the  92  counties  of  the  state.  These  investigations 
established  that  oak  wilt  is  widespread  and  destructive  in  the  north- 
western and  north-central  counties  of  the  state,  while  infection  centers 
in  the  southern  part  of  the  state  are  scattered  and  generally  not  as 
large  as  those  in  the  northern  areas. 

In  order  to  evaluate  the  significance  of  oak  wilt  in  the  commercially 
important  southern  areas  of  Indiana,  the  following  phases  of  the  epi- 
demiology were  studied. 

1.  The  comparative  incidence  of  oak  wilt  in  southern  and  northern 
Indiana  and  the  prevalence  of  this  disease  among  the  various  oak  species. 

2.  The  relative  rates  of  spread  of  oak  wilt  in  selected  infection  loci 
in  the  northern  and  southern  areas  of  the  state. 

3.  The  occurrence  and  prevalence  of  the  ascigerous  stage  of  C. 
fagacearum  and  associated  known  insect  vectors  as  an  indication  of 
potential  long  distance  spread  of  oak  wilt. 

Surveys  and  Selection  of  Observation  Areas 

Road  surveys  were  made  throughout  the  state  during  1957  of  the 
distribution  of  oak  wilt  and  to  locate  areas  of  infection  where  studies 
could  be  made  of  (1)  the  comparative  rates  of  spread  of  this  disease 
within  infection  loci  and  (2)  the  incidence  and  time  of  development 
of  mycelial  mats  and  pads  (ascigerous  stage)  of  the  pathogen.  Areas 
were  selected  that  differed  in  size,  dominant  oak  species,  topography 
and  soil.  Difficulty  was  encountered  in  the  northwestern  counties  of 
the  state  because  in  many  locations  the  disease  had  killed  most  of  the 
red-black  oak  species. 

The  initial  size  of  each  observation  area  was  established  by  meas- 
uring the   area   occupied  by  trees  killed  prior  to   1957.    The   red-black 


1  Journal    Paper    No.    1359.     Purdue   University    Agriculture    Experiment 
Station,  T^afayette,  Indiana. 
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and  white  oak  groups  per  acre  were  determined  by  counts  in  three  1/10 
acre  plots,  selected  at  random.  An  Edscorp  6"  Field  Range  Finder  was 
used  to  measure  the  plots  and  the  population  counts  represent  the  mean 
of  3  samplings. 

An  infection  locus  is  defined  as  an  area  of  active  infection  occurring 
beyond  the  range  of  natural  root  grafts  (50  ft.  or  more)  from  any 
other  area  of  infection.  Frequently,  there  were  several  infection  loci 
within  one  observation  area. 

All  trees  exhibiting  oak  wilt  symptoms  were  sampled,  using  a  Swed- 
ish increment  hammer,  and  the   stem   increments  were   placed  in  petri 


Fig-.   1.     Distribution  of  oak  wilt  in  Indiana  by  counties  to  September,  1957, 
and  location  of  16  oak  wilt  observation  plots. 
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dishes  containing  acidified  potato  dextrose  agar  (pH  4.0-5.0)  and  ob- 
served for  the  presence  of  the  pathogen.  Each  tree  sampled  was  marked 
and  the  date  of  sampling  and  species  recorded. 

The  present  known  distribution  of  oak  wilt  in  Indiana,  by  counties, 
and  the  16  observation  areas  used  in  the  studies  of  the  rate  of  spread 
of  this  disease  are  shown  in  fig.  1.  Oak  wilt  is  reported  for  the  first 
time  in  Clark,  Gibson,  Orange,  Pike,  Spencer,  and  Switzerland  counties, 
all  located  in  the  southern  part  of  the  state.  The  disease  has  now  been 
reported  from  45  counties  in  the  state  of  which  35  have  been  confirmed 
by  culturing  the  pathogen. 

During  1957,  the  oak  wilt  pathogen  C.  fagacearum  was  isolated  from 
the  following  oak  species:  Quercus  palustris,  78  trees;  Q.  velutina,  26 
trees;  Q.  rubra,  32  trees;  Q.  ellipsoidales,  6  trees;  Q.  imbricaria,  1  tree; 
and  Q.  alba,  1  tree.  It  will  be  noted  that  oak  wilt  occurs  predominately 
in  the  red-black  oak  group  and  is  rarely  found  among  the  white  oak 
species  in  Indiana. 

Comparison  of  Rates  of  Spread  of  Oak  Wilt  in  Northern  and 
Southern  Indiana 

The  comparative  rates  of  spread  of  oak  wilt  in  northern  and  south- 
ern Indiana  were  considered  by  2  methods.  (1)  The  number  of  trees 
infected  during  the  period  June  1,  1957,  to  July  1,  1958,  in  an  area  50  ft. 
wide  around  each  infection  locus  was  compared  to  the  total  population  of 
oak  of  each  group  within  this  area.  By  this  means  the  actual  incidence 
of  oak  wilt  could  be  determined.  (2)  A  ratio  was  made  between  the 
potential  area  of  new  infection  resulting  from  trees  infected  during 
1957-58  and  the  total  area  of  the  infection  locus.  Each  infected  tree 
on  or  near  the  perimeter  of  the  infection  locus  became  the  center  of  a 
new  area  of  potential  infection  with  a  radius  of  50  ft.  It  was  assumed 
that  all  oaks  within  the  50  ft.  radius  of  the  newly  infected  tree  would 
eventually  become  infected  via  natural  root  grafts. 

TABLE  1 
A  comparison  of  the  percentage  of  oaks  infected  by  oak  wilt  and  the 
areas   of  potential  new  infection  as  a  percent  of  the  total  area  in   16 
observation  plots  in  northern  and  southern  Indiana  from  June  1,  1957, 

to  July  1,  1958. 


% 

of  Areas 

Observation 

Red 

-Black 

White 

%  Oaks 

of  Potential 

Area  and  Loci 

Oak 

s/Acre 

Oaks/Acre 

Infected 

New  Infection 

Northern  Indiana 

2 — Carroll  Co. 

locus — a 

1  Id 

5.0 

78. S 

"     — b 

1  10 

7.0 

97.1 

"     — c 

1   10 

5.5 

62.7 

6 — Jasper  Co. 

200 

30 

6.3 

30.9 

7 — Jasper  Co. 

170 

4.3 

35.7 

8 — Jasper  Co. 

locus — a 

1   10 

40 

2.7 

77.2 

"     — b 

140 

<!0 

16.0 

97.6 

10 — Newton  Co. 

180 

10 

1.9 

27.7 
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(Table  1  (cont'd.)) 

%  of  Areas 

Observation 

Red-Black 

White 

%  Oaks 

of  Potential 

Area  and  Loci 

Oaks/Acre 

Oaks/Acre 

Infected 

New  Infection 

12 — Pulaski  Co. 

locus — a 

220 

no 

7.3 

47.3 

"     — b 

220 

90 

1.6 

41.2 

"     — c 

220 

90 

1.2 

41.5 

"     — d 

2  2(1 

90 

1.9 

65.7 

"     — e 

220 

90 

1,1 

68.8 

"     — f 

220 

90 

5.6 

56.5 

16— White  Co. 

locus — a 

180 

4.3 

77.5 

"     — b 

iso 

18.8 

Only  1  oak 

died  prior 

to  1957 

Mean 

6.02 

62.6a 

Southern  Indiana 

1 — Brown  Co. 

2108 

50 

6.0 

85.7 

3 — Clark  Co. 

30 

60 

22.2 

96.6 

4 — Dearborn  Co. 

locus — a 

270 

1.2 

95.5 

"     — b 

270 

2.S 

92.6 

5 — Dubois  Co. 

60 

50 

9.1 

Only  1  oak 

died  prior 

to  1957 

9 — Martin  Co. 

No  oak; 

3  died  prior  to 

1957 

11— Pike  Co. 

70 

120 

2.4 

38.1 

13 — Spencer  Co. 

30 

240 

5.6 

Only  1  oak 

died  prior 

to  1957 

14 — Washington  Co 

200 

80 

5.4 

72.8 

15 — Washington  Co 

locus — a 

200 

3.3 

24.5 

"     — b 

200 

2.1 

55.3 

Mean 

6.01 

70.1a 

a  Not  significantly  different  at  5%  level. 

The  results  of  these  studies  are  presented  in  table  1.  It  will  be 
noted  that  the  actual  rate  of  spread  of  oak  wilt  is  relatively  slow, 
based  upon  total  oak  populations  in  the  various  infection  loci.  However, 
the  increase  in  potential  area  of  new  infection  is  much  greater.  These 
results  indicate  that  there  is  no  significant  difference  in  either  the  actual 
rate  of  spread  of  oak  wilt  or  the  potential  rate  of  spread  of  this  disease 
in  the  northern  and  southen  parts  of  Indiana. 


Occurrence  and  Prevalence  of  the  Ascigerous   Stage  of  C.  fagacearum 
and  Associated  Known  Insect  Vectors 

The  overland  or  long  distance  spread  of  oak  wilt  is  apparently  due 
to  the  dissemination  of  inoculum  by  various  insect  vectors.  Observa- 
tions were  made  during  Sept. -Oct.,  1957,  and  April-May,  1958,  of  trees 
killed  by  oak  wilt  during  1957  to  determine  the  presence  and  prevalence 
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of  the  ascigerous  stage  (mycelial  mats  and  pads)  of  C.  fagacearum. 
This  spore  stage  occurs  only  on  recently  killed  trees  and  can  be  detected 
by  cracks  in  the  bark  caused  by  pressure  exerted  by  the  mycelial  pad 
produced  by  the  pathogen.  Insect  collections  were  made  from  the  area 
of  the  spore-producing  surfaces. 

The  first  observation  of  the  ascigerous  stage  of  C.  fagacearum  in 
Indiana  was  made  near  Parr,  in  Jasper  County,  on  May  1,  1957.  Subse- 
quent studies  in  selected  observation  areas  revealed  that  this  spore 
stage  occurred  on  12.2%  of  the  trees  killed  during  the  previous  growing 
season.  Mycelial  mats  and  pads  occurred  on  8.7%  of  the  trees  observed 
in   the   northern   areas   and   29.2%    in  the   southern  areas   of  the   state. 

Insect  collections  were  made  in  May,  September  and  October,  1957, 
throughout  the  state.  These  collections  included  species  from  the  fol- 
lowing: Order  Coleoptera  fam.  Buprestidae,  Staphylenidae,  Colydiidae, 
Histeridae,  Ostomatidac,  Orthoperidae,  Mycetopagidae,  Cucrijidae,  Cer- 
ambycidae,  Nitidulidae  and  Scolytidae;  Order  Diptera  fam.  Lonchaeidae; 
Order  Hymenoptera  Fam.  Braconidae  and  Siricidae.  Included  were  nu- 
merous species  reported  by  other  investigators  to  be  known  vectors  of 
the  oak  wilt  pathogen,  principally  in  the  order  Coleoptera  fam.  Nitidu- 
lidae and  Scolytidae. 

Summary  and  Conclusions 

1.  These  studies  confirm  earlier  reports  that  oak  wilt  is  at  present 
more  widespread  and  destructive  in  the  north-western  and  north-central 
counties  of  Indiana  than  in  other  parts  of  the  state.  However,  the 
disease  is  more  prevalent  in  southern  counties  than  previously  reported. 
In  addition,  oak  wilt  occurs  predominately  among  the  red-black  oak 
group  and  is  rarely  found  infecting  members  of  the  white  oak  group. 
The  reason  for  this  is  not  apparent,  since  the  disease  is  known  to  infect 
both  groups  in  other  regions. 

2.  The  rate  of  spread  of  oak  wilt  in  Indiana  is  comparatively  slow, 
when  considered  on  the  basis  of  total  oak  populations.  It  should  be 
emphasized,  however,  that  the  potential  spread  is  much  greater.  This 
conclusion  is  based  upon  the  fact  that  all  of  the  oaks  of  the  same 
group  within  a  50  ft.  radius  of  an  infected  tree  may  eventually  become 
infected  through  naturally  occurring  root  grafts. 

The  results  presented  also  indicate  that  there  is  no  signifianct 
difference  in  either  the  actual  or  potential  rates  of  spread  of  oak  wilt 
in  northern  and  southern  areas.  Presumably,  the  explanation  for  the 
lower  incidence  of  this  disease  in  southern  Indiana,  at  present,  is  that 
the  pathogen  was  introduced  into  this  area  at  a  later  time.  There 
are  2  distinct  areas  of  infection  in  the  state  (fig.  1)  with  a  section 
through  the  central  region  where  oak  wilt  has  not  been  reported  to 
occur.  It  is  suggested  that  oak  wilt  may  have  been  introduced  into 
southern  Indiana  from  contiguous  infection  centers  in  Kentucky  and 
Ohio  that  are  of  more  recent  origin  than  the  areas  in  the  northern 
part  of  the  state. 

3.  The  importance  of  the  ascigerous  stage  of  C.  fagacearum  in 
the  long  distance   spread   of  oak  wilt  in  Indiana  is  not  known.    These 
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studies  show  that  this  spore  stage  of  the  pathogen  is  found  throughout 
the  state  wherever  oak  wilt  has  been  reported  and  that  insect  vectors 
known  to  disseminate  this  inoculum  are  also  present. 

Literature  Cited 

1.  Carter,    J.    C.    and    G.    Kuny.    1949.    Note    on    oak   wilt   in   Gary,    Indiana. 
Plant  Dis.  Reptr.  33(11)  :442. 

2.  Cummins,  G.  B.  1949.    Oak  wilt  in  Indiana.   Plant  Dis.  Reptr.  33(S):332. 

3.  Deam,  C.  C.  1953.    Trees  of  Indiana.    3rd  Ed.  Dept.  of  Conservation,  State 
of  Indiana. 

4.  Hutchinson,    O.    K.    1956.     Indiana's    Forest    Resources    and    Industries. 
Forest  Resources  Report  10. 

5.  Schuder,   D.   L.    1955.    Distribution   of  three   important  insect   transmitted 
tree  diseases.   Proc.  Ind.  Acad,  of  Sci.  for  1954,  64:116-120. 

6.  Stearns,   F.   and   H.   Crowder.   1957.    Oak  wilt   in  southern  Indiana.    Proc. 
Ind.  Acad,  of  Sci.  for  1956,  06:63. 


CHEMISTRY 

Chairman:   Earl  T.  McBee,  Purdue  University 
Frank   Welcher,   Indiana    University,   was   elected   chairman   for   1959 


ABSTRACTS 


Turbidimetric  Titrations.  Robert  B.  Fischer,  Marvin  L.  Yates  and 
Marion  M.  Batts,  Indiana  University. — The  usefulness  of  turbidimetric 
measurements  in  quantitative  analysis  is  limited  by  the  irreproducibility 
of  the  physical  forms  of  chemical  precipitates.  The  physical  form  is 
determined  largely  by  the  first  batch  of  precipitated  particles,  so  titra- 
tion procedures  are  generally  preferable  to  measurements  based  upon 
comparisons  to  standards.  Titration  curves  of  optical  density  vs.  volume 
of  titrant  have  been  calculated  for  conditions  existing  after  the  first 
increment  of  titrant  and  prior  to  the  equivalence  point  as  follows: 
continual  new  nucleation  with  each  additional  increment  of  titrant; 
no  new  nucleation  (i.e.,  crystal  growth  only)  with  each  addition  of 
titrant;  both  nucleation  and  crystal  growth.  It  is  predicted  from  the 
calculated  curves  that  any  factor  which  enhances  nucleation  at  the 
expense  of  crystal  growth  should  improve  the  analytical  usefulness  of 
turbidimetric  titrations.  One  such  factor  is  the  presence  of  a  surfactant 
which  is  adsorbed  on  crystal  surfaces,  thereby  preventing  further  crystal 
growth.    The  prediction  is  verified  with  some  precipitation  reactions. 

A  Rapid  Method  of  Multiplication  and  Division.  Thomas  De  Vries, 
Purdue  University. — In  the  method  of  multiplication  and  division  com- 
monly used,  more  digits  are  often  obtained  than  the  number  of  significant 
figures  given  by  the  experimental  data.  It  is  possible  to  eliminate 
unnecessary  multiplications  and  additions,  and  obtain  the  answer  to 
any  desired  number  of  digits  by  a  method  where  the  multiplier  is 
written  backwards  underneath  the  multiplicant.  The  new  rules  of 
multiplication  will  be  explained.  Similarly,  in  division  the  calculation 
can  be  considerably  shortened  and  simplified  by  decreasing  the  number 
of  digits  in  the  divisor  stepwise.    Several  examples  will  be  given. 

Specialized  Graduate  Courses  for  the  High  School  Chemistry  Teach- 
er. W.  G.  Kessel,  Indiana  State  Teachers  College. — A  committee  of  the 
Division  of  Chemical  Education  of  the  American  Chemical  Society,  on 
the  Teaching  of  Chemistry,  made  a  study  last  year  of  323  colleges  and 
universities  that  had  a  Dean  of  Graduate  School  or  a  special  Graduate 
Division  in  order  to  see  what  kinds  of  programs  are  available  for  the 
high  school  chemistry  teacher  in  his  unique  situation. 

A  listing  of  schools  that  are  giving  "special"  courses  for  these 
teachers  and  some  comments  that  they  have  made  give  indications  that 
there  is: 

(1)  a  definite  need  to  develop  a  more  satisfactory  program 

(2)  a  definite  trend  toward  such  courses 
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(3)  a  divergent  opinion  on  how  to  solve  this  problem 

(4)  still  some  conflict  between  "Education"  and  Chemistry 

On  the  Reactivity  of  Perhalotoluenes.  Earl  T.  McBee  and  Law- 
rence W.  Frost,  Purdue  University  and  Westinghouse  Research  Labora- 
tories.— Dichlorohexafluoro-  and  monochloroheptafluoro  toluene  were  pre- 
pared by  chlorination  of  benzotrifluoride  in  the  presence  of  iron  at 
200° C,  subsequent  fluorination  with  bromine  trifluoride  in  bromine  solu- 
tion at  0°C,  and  final  dehalogenation  with  zinc  dust  in  ethanol. 

The  tentative  structure  assignment  of  these  compounds  was  based 
on  their   reactivity   in   several   nucleophilic   displacement   reactions: 

All  three  of  the  ring  fluorine  atoms  in  dichlorotrifluoro-(trifluoro- 
methyl)  -benzene  reacted  rapidly  and  exothermically  with  aqueous  meth- 
anolic  potassium  hydroxide  to  give  dichlorotrimethoxy- (trifluoromethyl) 
benzene.  This  suggests  m-position  in  regard  to  the  trifluoromethyl  group 
for  the  two  remaining  chlorine  atoms. 

Reaction  of  chlorotetrafluoro- (trifluoromethyl) -benzene  with  meth- 
anolic  base  gave  chlorotrifluoro-( trifluoromethyl  )-anisole,  again  present- 
ing preferential  replacement  of  a  ring  fluorine  atom,  presumably  in  p- 
position. 

The  obtained  chlorotrifluoro- ( trifluoromethyl  )-anisole,  again  present- 
remarkably  stabilized  by  the  trifluoromethyl  group.  Photochlorination 
and  subsequent  treatment  with  antimony  (III)  fluoride  resulted  in  ex- 
clusive substitution  at  the  methoxy  group. 

Reduction  of  Carbonyl  Compounds  with  Alloys  of  Magnesium.1  John 
H.  Billman,  Linneaus  C.  Dorman  and  Forest  L.  Gager,  Indiana  Uni- 
versity.— While  methods,  such  as  the  Clemmensen,  Wolff -Kishner,  Wolf- 
rom,  or  palladium-hydrogen,  have  proved  to  be  very  useful  in  the  reduc- 
tion of  the  carbonyl  group  to  the  methylene  group,  their  individual 
usefulness  has  been  limited  by  their  reaction  conditions  and  they,  of 
necessity,  supplement  each  other.  Indeed,  the  reduction  of  aromatic 
ketones  have  presented  some  interesting  problems  and  a  study  was 
undertaken  to  investigate  the  use  of  a  nickel-magnesium  alloy  in  glacial 
acetic  acid  for  the  reduction  of  such  ketones. 

Thus  far,  the  reduction  of  two  aromatic  ketones,  benzophenone  and 
p-hydroxyubenzophenone,  has  been  investigated.  The  products  isolated 
from  the  reaction  of  benzophenone  and  nickel-magnesium  alloy  were 
diphenylmethane  I,  benzhydrol  II,  benzhydryl  acetate  III,  and  dibenzhy- 
dryl  ether  IV. 
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The  only  product  isolated  from  the  reduction  of  p-hydroxybenzophenone 
was  p-benzyphenol  V.  The  analogous  reduction  of  these  ketones  with 
magnesium  metal  or  a  homogenous  mixture  of  nickel  and  magnesium 


1  Contribution  No.  876. 
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metals  in  glacial  acetic  acid  yielded  pinacols  or  resinous  products  dem- 
onstrating the  necessity  of  nickel  in  the  reaction  and  for  its  incorpora- 
tion with  magnesium  in  alloy  form  in  order  to  obtain  monomelic 
reduction. 

Attempted  reductions  with  other  alloys  of  nickel  and  magnesium 
have  been  studied. 

Synthesis  and  Evaluation  of  Selected  Mono-derivatives  of  Methylene 
Citric  Acid.  John  W.  Martin  and  Robert  W.  Gardier,  Butler  University 
and  Pitman-Moore  Company. — By  the  condensation  of  citric  acid  with 
formaldehyde  and  subsequent  dehydration  the  anhydride  of  methylene 
citric  acid  was  prepared.  The  fusion  of  trioxymethylene  with  citric 
acid  was  the  most  practical  method  for  preparing  the  methylene  citric 
acid  while  phosphorus  pentachloride  was  found  to  be  the  best  for  dehy- 
dration. By  the  addition  of  the  anhydride  to  the  desired  alcohol  or 
amine  the  reaction  proceeded  to  yield  the  desired  mono-ester  or  mono- 
amide.  This  series  was  studied  for  biological  activity.  Several  of  the 
group  were  active,  but  generally  none  were  of  sufficient  promise  to 
warrant  further  study.  Most  compounds  were  unstable  due  to  the 
rather  easy  hydrolysis  with  the  liberation  of  formaldehyde. 

The  Structure  and  Reactions  of  Pseudocholesterol.  Quentin  R.  Pe- 
tersen, Wabash  College. — Pseudocholesterol  is  a  substance  possessing 
the  same  function  groups  as  cholesterol  but  in  the  former  compound  the 
positions  of  these  groups  in  the  A  and  B  rings  are  the  reverse  of  those 
found  in  cholesterol. 


Cholesterol  Pseudocholesterol 

Some  of  the  unique  reactions  of  cholesterol  seem  to  be  due  to 
the  specific  steric  environment  of  the  functional  groups  and  the  reported 
studies  are  directed  to  the  question  of  whether  or  not  such  unique 
reactions  will  take  place  when  the  steric  environment  of  the  homoallylic 
cholesterol  system  is  radically  changed.  Reaction  with  positive  bromine, 
displacement  reactions,  and  oxidation  and  reduction  reactions  on  the 
pseudocholesterol  nucleus  appear  to  resemble  those  with  cholesterol. 
The  i-steroid  rearrangement,  characteristic  of  the  cholesterol  system, 
is  involved  in  displacement  reactions  on  pseudocholesterol,  although  the 
i-intermediate  itself  cannot  be   isolated  from  the  reaction  mixture. 

The  Use  of  Handbooks  in  the  Teaching  of  Beginning  Courses  in 
Chemistry.  G.  W.  H.  Powell,  Evansville  College. — Handbooks  contain 
essential  information  and  present  it  in  condensed,  concise  and  specific 
forms.  Handbooks  are  in  use  by  all  chemists  and  laboratories  around 
the  world,  therefore  they  appeal  to  the  student  as  being  more  real, 
alive  and  up-to-date  than   textbooks.    The  student  in   using  handbooks 
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tends  to  associate  himself  with  the  scientists  of  the  world.  Slides  show- 
ing arrangement  of  books  in  laboratory,  mobile  book  case  and  kits  of 
chemicals  arranged  for  student  use  as  well  as  sample  pages  of  instruc- 
tions to  students.  Physical  properties,  density,  specific  gravity,  weights 
and  measures,  melting  points,  distillation  vapor  densities,  formulae,  con- 
version tables,  and  chemical  factors  present  opportunities  to  correlate 
handbook  and  laboratory  work.  This  material  presented  at  the  beginning 
takes  up  the  lag  between  textbook  and  laboratory  work. 

One  Dimensional  Atomic  Potential  Functions.  John  A.  Ricketts 
and  Larry  D.  Nichols,  DePauw  University. — The  problem  of  finding  a 
suitable  one  dimensional  potential  field  which  yields  a  one  dimensional 
wave  function  that  is  exactly  analogous  in  its  form  to  that  obtained 
by  the  solution  of  the  three  dimensional  Schrodinger  equation  is  ap- 
plied to  hydrogen-like  atoms  and  ions.  A  suitable  one  dimensional  poten- 
tial function  can  be  found  for  any  s  or  p  state.  For  the  Is  state  of 
hydrogen  the  potential  function  can  be  pictured  as  a  negative  Dirac 
delta  function  of  unit  strength  in  the  system  of  atomic  units. 

Theory   and   Application  of  Flotation  for   Solids-Liquid   Separation. 

Robert  H.  L.  Howe,  Eli  Lilly  and  Company. — The  process  of  flotation 
has  long  been  employed  in  many  chemical  and  biochemical  processes 
for  solids-and-liquid  and  liquid-and-liquid  separation.  The  application 
of  the  process  and  the  design  of  the  equipment  have  been  more  or 
less  based  on  empirical  data.  This  paper  discusses  the  theoretical 
aspects  of  flotation  process.  Factors  that  may  affect  the  process  of 
flotation  of  a  particle  in  the  liquid  are  investigated.  Equations  showing 
the  rising  velocity  of  a  solid  particle  in  a  liquid  and  the  efficiency  of 
solids  removal  by  flotation  process  are  derived  by  the  author. 

Dative  Bonding  and  Polarizability.  Robert  J.  Polacek  and  Brother 
Columba  Curran,  University  of  Notre  Dame. — Previous  work  in  this 
laboratory  has  revealed  that  addition  compound  formation  involving 
dative  bonding  results  in  an  increase  or  decrease  in  absorption  of  ultra- 
violet radiation,  depending  on  the  presence  or  absence  of  unshared 
valence  electrons  in  the  acceptor  atom.  As  polarizability  is  related  to 
light  absorption  by  the  Drude  equation,  a  study  has  been  made  of  the 
effect  of  dative  bond  formation  on  molar  refraction.  Because  the  low 
solubility  of  most  addition  compounds  in  inert  solvents  precludes  a  direct 
determination  of  their  molar  refractions,  measurements  have  been  made 
on  solutions  of  the  acceptor  molecules  in  dioxane. 

Indices  of  refraction  and  densities  have  been  obtained  for  solutions 
of  tin  tetrachloride,  arsenic  trichloride  and  antimony  trichloride  in  inert 
solvents  and  in  dioxane,  and  for  sulfur  dioxide  in  triethylamine-benzene 
and  triethylamine-butyl  chloride  solutions,  and  the  refractions  of  the 
solutes  were  calculated.  In  dioxane,  tin  tetrachloride  shows  a  decrease 
in  molar  refraction  of  0.6  ml.  and  the  refractions  of  arsenic  and  antimony 
trichloride  are  increased  by  0.8  and  3.9  ml.  respectively.  The  molar 
refraction  of  sulfur  dioxide  is  0.6  ml.  higher  in  trimethylamine-butyl 
chloride  solution  than  for  the  pure  liquid.  These  changes  in  molar 
refraction  have  been  correlated  with  dielectric  constant  measurements. 

Hexacoordinate  Copper (II)  in  Trisethylenediaminecopper(II)  Sul- 
fate. R.  K.  Birdwhistell  and  Gilbert  Gordon,  Butler  University  and 
Michigan   State   University. — Evidence   is   offered  for  the   existence   of 
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hexocoordinate  copper (II)  in  trisethylenediaminecopper(II)  sulfate  and 
the  monohydrate  of  the  trisethylenediaminecopper(II)  sulfate.  Studies 
of  the  infrared  spectra  of  these  and  related  compounds  indicate  that 
no  free  amine  or  any  amine  hydrochloride  is  present  in  the  purified 
samples.  Analytical  data  and  visible  absorption  spectra  are  given.  The 
absorption  maxima  of  the  tris  complex  which  has  not  been  previously 
reported  but  has  been  predicted  by  Bjerrum  is  given.  The  molar  or 
specific  exstinction  coefficient  is  not  reported.  Optical  rotation  and 
electron  paramagnetic  resonance  spectra  indicate  that  the  observed 
properties  can  be  used  in  support  of  an  octahedral  structure.  Clarifica- 
tion in  procedures  for  the  preparation  of  diaquomonoethylenediamine- 
copper(II)  sulfate,  bisethylenediaminecopper(II)  sulfate  and  its  hy- 
drates, and  trisethylenediaminecopper(II)  sulfate  and  its  hydrates.  A 
discussion  is  given  on  the  existence  of  compounds  previously  reported 
as  the  bisethylenediaminecopper(II)  sulfate  with  either  four  or  four 
and  one-half  waters  of  hydration. 

A  Survey  of  Recent  Studies  with  Hexafluorides.  E.  Eugene  Weaver, 
Wabash  College. — The  author  spent  his  recent  leave  from  Wabash  Col- 
lege working  with  Bernard  Weinstock  and  John  G.  Malm  at  the  Argonne 
National  Laboratory.  The  major  interest  of  this  research  group  has 
been  the  study  of  the  chemical  and  physical  properties  of  the  metallic 
hexafluorides.  These  unique  compounds,  exhibiting  a  volatility  greater 
than  water  while  having  molecular  weights  greater  than  300,  readily 
lend  themselves  to  the  measurement  of  a  wide  range  of  physical  prop- 
erties. Among  these  are  infrared  and  raman  spectra,  vapor  pressures, 
molecular  weights,  melting  points,  and  X-ray  and  electron  diffraction 
patterns.  Of  the  actinide  elements,  UF6  was  the  only  hexafluoride  pro- 
duced in  gram  amounts  until  the  Argonne  group  produced  PuF8  and 
NpFc  in  specially  designed  reactors.  The  group's  attention  then  turned 
to  the  hexafluorides  of  the  5d  transition  series.  Repetition  of  Otto 
Ruff's  work  with  osmium  verified  their  suspicion  that  OsF8  was  in  reality 
OsFe.  Further  exploration  with  this  group  of  metals  produced  a  new 
compound,  PtF6.  Platinum  hexafluoride  is  a  dark  red  solid  exhibiting 
a  vapor  pressure  of  about  100  mm  Hg  at  room  temperature.  PtF6  is 
probably  the  least  stable  and  most  reactive  of  the  known  hexafluorides. 
Attempts  have  been  made  to  prepare  hexafluorides  of  Cr,  Mn,  Ru,  Rh, 
Pd,  Ta,  Au  and  Gd  without  success.  The  method  of  preparation  of  the 
hexafluorides,  their  purification  and  determination  of  physical  properties 
are  reported. 

The  Role  of  the  Solvent  in  Chemical  Equilibria:  Comparison  of 
Reduction  Potentials  and  Complex  Ion  Stabilities  in  the  Solvents  Ethyl- 
enediamine  and  Water.  Ward  B.  Schaap,  Richard  E.  Bayer,  Joseph 
Siefer  and  Frederic  C.  Schmidt,  Indiana  University. — As  part  of 
a  study  of  the  role  of  the  solvent  in  the  electrochemical  behavior  of 
solute  ions,  polarographic  reduction  potentials  of  metal  ions  and  stability 
constants  of  metal-ion  complexes  were  measured  in  the  strongly  coor- 
dinating solvent,  anhydrous  ethylenediamine.  It  was  observed  that  this 
solvent  greatly  alters  the  relative  reduction  potentials  of  the  metal 
ions  (compared  with  those  in  aqueous  solution)  and  causes  several 
changes  in  position  in  the  electromotive  series.  The  transition  metals 
become  relatively  more  difficult  to  reduce  in  ethylenediamine  while  the 
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alkali  metals  become  relatively  more  easily  reduced.  As  a  result,  the 
oxidation-reduction  potential  scale  is  compressed  in  ethylenediamine  as 
compared  with  aqueous  solution.  These  relative  shifts  in  reduction 
potential  can  be  correlated  with  the  known  stability  constants  of  the 
corresponding  metal-ethylenediamine  complexes  measured  in  aqueous 
solution.  The  high  solvation  (coordination)  energy  of  the  chelate-form- 
ing  ethylenediamine  solvent  molecules  with  transition  metal  ions  would 
be  expected  to  cause  other  complexes  of  the  metals  to  be  much  weaker  in 
ethylenediamine  than  in  water.  Such  expectations  are  verified  by  experi- 
mental measurements  of  the  stability  constants  of  cadmium  complexes, 
in  ethylenediamine,  with  cyanide  and  with  hydroxyethylethylenediamine- 
triacetate. 

Teaching  Undergraduate  Organic  Chemistry  at  Indiana  University. 

C.  E.  Kaslow,  Indiana  University. — Scope  of  the  course,  method  of 
presentation,  demonstration,  recitation,  examination,  and  treatment  of 
the  laboratory  instructions  will  be  discussed. 

Some  Applications  of  Audio-Visual  Aids  in  the  Teaching  of  General 
Chemistry.  Frank  D.  Martin,  Purdue  University. — The  following  equip- 
ment has  proved  to  be  helpful  in  connection  with  the  author's  courses 
in  general  chemistry  for  first-year  students  in  science  and  engineering: 

1.  A   large  magnet  board  with   movable   symbols  for  atoms,   ions, 
and  electrons. 

2.  A  horizontal  projector  for  the  large  scale  projection  of  lecture 
experiments. 

3.  A  simple  electrical  quizboard. 

4.  Mechanical   model    to   illustrate   effect   of   bond   angle    on   dipole 
moment. 

5.  Working  model  of  an  electrochemical  cell. 

6.  Apparatus    for    safe    demonstration    of    spontaneous    combustion 
of  liquid  rocket  propellants. 

The  Utilization  of  Audio-Visual  Devices  in  the  Teaching  of  General 
Chemistry  Laboratory  Work.*  J.  M.  Honig  and  D.  F.  Moses,  Purdue 
University. — Closed-circuit  live  television  broadcasts  and  televised  film 
presentations  have  been  utilized  to  demonstrate  proper  laboratory  tech- 
niques required  to  carry  out  assigned  experiments  in  the  general  chem- 
istry laboratory  work  at  Purdue  University.  Student  reaction  to  these 
presentations  was  quite  favorable  initially,  though  there  was  some  dis- 
enchantment with  the  program  in  the  course  of  a  given  semester. 
Judging  from  scores  received  on  laboratory  reports,  students  in  the 
experimental  sections  performed  as  well  as  those  taught  conventionally. 
It  was  found  possible  to  operate  the  experimental  sections  in  groups  of 
70  students  assigned  to  1  laboratory  instructor.  This  compares  with  the 
conventional  ratio  of  25  to  1.  However,  there  was  a  concomitant  in- 
crease, in  administrative  burden  on  the  professors  in  charge  of  the 
laboratory  work. 

Several  films,  prepared  in  conjunction  with  this  program  will  be 
briefly  described;  details  of  the  experimental  work  and  the  implications 
of  the  program  will  also  be  discussed. 


1  This  work  was  supported  by  a  grant  from  The  Fund  for  the  Advance- 
ment of  Education. 


Electrodeposition  of  Nickel  from  Nickel  Perchlorate  Solution 

F.  C.  Mathers  and  Byron  W.  Neher,  Indiana  University- 
Wesley  and  Carey  (Trans.  Electrochem.  Soc.  75,  209)  studied  the 
properties  of  a  nickel  chloride-boric  acid  bath.  Their  deposits  were 
smooth  and  showed  less  tendency  to  tree  than  did  those  from  the  stand- 
ard sulfate  bath.  However,  the  deposits  were,  in  most  cases,  very  dark 
and  somewhat  less  ductile  than  those  obtained  from  the  sulfate  solu- 
tions. Anode  corrosion  was  very  good.  In  fact,  additions  of  hydrochloric 
acid  had  to  be  made  to  maintain  the  desired  pH  because  the  anode 
dissolved  faster  than  the  metal  was  plated  out.  The  tank  voltage  was 
lower  using  the  chloride  solutions  than  in  the  sulfate  bath,  probably 
because  of  better  anode  solubility.  The  chloride  deposits  were  finer 
grained  than  the  sulfate,  hence  mechanical  polishing  was  easier. 

These  authors  claimed  that  the  wide  range  of  plating  conditions 
under  which  sound  deposits  are  obtained,  the  greater  freedom  from 
pitting,  and  the  high  anode  and  cathode  efficiencies,  all  contribute  to 
making  this  bath  easier  to  operate  and  more  nearly  foolproof  than  the 
sulfate  bath. 

Experimental  Work 

In  this  investigation  a  study  was  made  of  nickel  perchlorate-boric 
acid  solutions  for  plating  nickel  on  iron.  Plates  obtained  from  it  were 
compared  with  those  from  the  standard  sulfate  bath,  and  the  nickel 
chloride  bath  as  used  by  Wesley  and  Carey. 

Composition  of  Solutions 

Perchlorate  bath.  The  composition  was  as  follows:  Nickel  perchlo- 
rate 444  g./L.  and  boric  acid  30  g./L.  No  nickel  perchlorate  was  avail- 
able; hence  the  solution  was  made  from  nickel  carbonate  and  perchloric 
acid.  The  solution  was  heated  to  promote  reaction.  (When  all  the 
carbonate  was  dissolved,  the  solution  was  heated  to  promote  reaction.) 
When  all  the  carbonate  was  dissolved,  the  solution  was  diluted  to  one  liter 
and  filtered.  A  small  amount  of  brown  precipitate  of  unknown  composi- 
tion was  always  present.  The  filtrate  gave  no  precipitate  when  tested 
with  silver  nitrate.  Finally  30  grams  of  boric  acid  were  added  to  the 
warm  solution.  The  pH  of  the  solution  was  adjusted  as  required  by 
adding  perchloric  acid  for  lowering  and  nickel  carbonate  for  raising 
the  pH. 

It  was  found  necessary  to  "age"  the  bath  before  a  satisfactory 
plate  could  be  obtained.  One  liter  of  solution  was  run  at  a  current 
density  of  50  amp. /sq.ft.  for  about  16  hours  before  a  smooth  plate  was 
obtained.  The  reason  for  this  is  as  yet  undetermined,  but  perhaps  it 
was  due  to  small  amounts  of  copper  in  the  nickel  carbonate. 

Chloride  and  sulfate  baths  were  made  of  the  usual  compositions. 

No  additions  were  made  to  any  of  the  baths  to  prevent  pitting  or 
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to   brighten   the   deposit.    The   solutions   were   not   agitated   except  for 
stirring  by  hand  at  intervals  during  the  operation. 

Anodes 

The  anodes  used  for  the  chloride  and  sulfate  baths  were  made  of 
rolled  nickel.  Those  for  the  perchlorate  were  slices  sawed  from  a  large 
cast  nickel  anode  which  contained  considerable  impurities.  The  cast 
anodes  corroded  very  well  in  the  perchlorate  bath  but  the  rolled  nickel 
would  not. 

Apparatus 

One  hundred  ml.  of  each  solution  were  placed  separately  in  three 
150  ml.  beakers  using  one  anode  to  each  solution.  The  cathode  plates 
were  pieces  of  "tin"  cans  which  had  been  detinned  with  hydrochloric 
acid.  They  were  \xk  inches  square  with  a  surface  on  one  side  of  2.25 
sq.  in.  The  cathodes  were  suspended  by  iron  wires. 

Plating  Range 

The  three  solutions  were  run  in  series  at  25° C.  and  plates  were 
obtained  at  different  current  densities  and  different  pH's  of  5,  4,  3, 
and  2.  The  current  densities  were  32,  51,  77,  and  144  amp./sq.  ft.  A 
similar  series  was  run  at  60° C. 

Anode  bags  were  used  on  the  sheet  nickel  anodes,  but  none  was 
used  on  the  cast  nickel  in  the  perchlorate  bath.  The  cast  nickel  anode 
was  scraped  after  each  run  to  remove  impurities  from  the  surface  and 
prevent  polarization.  Deposits  were  made  0.001  in.  thick. 

Deposits  from  the  sulfate  bath  at  25° C.  became  slightly  lighter  in 
color  as  the  current  density  was  raised.  The  tendency  to  peel  increased 
with  increase  in  pH  and  also  with  increase  in  current.  Nearly  all  of 
the  deposits  were  ductile.  Evidence  of  building  up  in  thickness  and 
treeing  at  the  corners  was  noticed  at  pH  2  and  144  amp./sq.  ft. 

All  deposits  from  the  nickel  chloride  were  dark  in  color  except  at 
pH  2  and  144  amp./sq.  ft.  which  were  light  gray.  All  plates  at  pH  5 
were  unsatisfactory  due  to  cracking  over  the  entire  surface.  There 
was  very  little  evidence  of  pitting.  At  high  current  densities,  peeling 
or  cracking  decreased  as  pH  was  lowered. 

All  plates  from  nickel  perchlorate  (25°C.)  were  light  colored  and 
some  had  bright  areas  or  streaks  of  brightness.  Nearly  all  deposits 
were  brittle  and  peeled  somewhat  at  the  corners.  The  plates  obtained 
at  a  pH  of  4  and  a  current  density  of  50  amp./sq.  ft.  were  less  brittle 
than  under  other  conditions. 

The  anode  corrosion  was  good  except  at  high  current  densities. 
The  pH's  of  the  solutions  remained  fairly  constant.  The  degree  of 
change  being  not  over  0.3  pH  for  about  %  amp.  hr.  except  at  high 
current  densities.  In  the  pH  4  solution  the  acidity  stayed  more  nearly 
constant  than  in  the  other  solutions.  At  pH  5  the  acidity  went  up  and 
at  pH   2  and  3  the   acidity  went   down   slightly  in  most  cases. 

In  the  sulfate  and  chloride  baths  the  pH  increased  in  all  solutions 
during  runs,  and  the  change  was  greater  the  lower  the  pH.  The 
chloride  bath  showed  greater  efficiency  of  anode  corrosion  than  any 
of  the  other  baths.  Deposits  from  all  three  solutions  were  smooth  and 
practically  free  from  pits. 
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Almost  all  plates  from  the  sulfate  were  slightly  pitted  at  60°; 
this  is  in  contrast  to  those  obtained  at  the  lower  temperature.  Also 
the  deposits  were  darker  in  color  at  60°.  There  was  no  peeling  and 
the  plates  were  ductile. 

All  plates  from  the  chloride  were  very  dark  and  smooth  with  very 
few  pits.  There  was  no  cracking  or  peeling.  The  deposits  became 
slightly  lighter  in  color  as  the  current  density  was  raised  and  the  pH 
lowered.  ! 

The  perchlorate  deposits  at  60°  were,  for  the  most  part,  less  bright 
than  those  at  25°;  however,  at  the  higher  temperature  there  was  no 
evidence  of  peeling  or  cracking  and  also  the  plates  were  more  ductile. 
Higher  temperatures  permitted  use  of  higher  current  densities.  The 
brightness  of  the  plates  appeared  to  vary  directly  with  the  current 
density  and  inversely  with  the  pH  in  the  range  tested. 

The  pH  remained  nearly  constant,  varying  on  the  average  only 
about  0.2  for  each  run.  The  pH  generally  became  lower  during  the 
operation;  at  pH  2  however,  it  went  up  at  the  lower  current  densities. 

The  perchlorate  bath  gave  lighter  colored  deposits  than  either  the 
chloride  or  sulfate.  The  sulfate  showed  more  pitting  at  60°  than  the 
other  two  baths.  At  the  higher  temperature  the  ductility  of  all  deposits 
appeared  about  the  same,  but  at  25°  the  perchlorate  gave  the  most 
brittle  plates.  There  was  very  little  hydrogen  evolution  in  any  of  the 
solutions  but  a  pH  2  gave  the  greatest  amount.  Higher  current  densi- 
ties at  a  given  pH  showed  less  pitting. 

The  charts  best  show  the  general  effects  of  variation  of  the  current 
density  and  pH  at  60°  and  25°  for  the  three  baths  as  regards  brightness 
or  color  (Fig.  1). 
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Ferricyanide  Spot  Test  for  Porosity 

Ferricyanide  gel  tests  were  made  with  a  warm  solution  containing 
10  grams  agar,  10  grams  sodium  chloride,  and  one  gram  of  potassium 
ferricyanide  per  liter  of  solution.  The  warm  solution  was  applied  to  the 
specimens  while  they  were  in  a  horizontal  position  and  permitted  to  gel 
for  5  minutes.  The  total  number  of  blue  spots  visible  at  a  distance  of 
about  two  feet  was  counted  at  the  end  of  this  time.  Plates  used  were 
one  and  a  half  inches  on  a  side.  The  desposits  were  0.001  in.  thick. 
Tests  were  made  on  plates  obtained  at  25°  and  60° C. 

Number  of  Spots 


No. 

Perchlorate 

Sulfate 

Chloride 

60° 

25° 

60° 

25° 

60°          25 

1 

7 

3 

5 

5 

15             4 

2 

4 

4 

18 

8 

10           10 

3 

3 

0 

10 

4 

8             5 

4 

1 

6 

7 

(5 

1             6 

5 

5 

2 

8 

3 

7             6 

6 

4 

2 

5 

2 

5             9 

7 

3 

3 

7 

4 

10           11 

Average  4  3  8  5  8  8 

The  chloride  and  sulfate  deposits  have  about  equal  covering  power 
when  run  at  60°,  but  the  sulfate  gave  a  better  plate  at  25°.  Deposits 
obtained  from  the  perchlorate  bath  showed  greater  freedom  from  pores. 
However,  as  mentioned  previously,  the  deposits  made  at  25°  were 
brittle  and  some  plates  peeled.  Probably  polished  cathodes  as  base 
metal  would  have  given  better  results. 

Cathode  Efficiency 

Cathode  efficiency  measurements  in  nickel  baths  are  important  in 
that  they  give  an  indication  of  the  throwing  power  of  the  bath.  If 
the  cathode  efficiencies  were  different  from  the  anode  efficiencies  the 
pH  of  the  baths  would  change  proportionally  as  well  as  the  composition 
of  the  bath. 

The  throwing  power  may  be  denned  as  that  property  of  a  solution 
by  virtue  of  which  relatively  uniform  distribution  of  metal  is  obtained 
upon  cathodes  of  irregular  shape.  The  current  density  at  points  of 
depression  will  obviously  be  lower  than  at  raised  points.  Then  if  the 
current  efficiency  of  the  bath  is  low  at  low  current  densities,  there  will 
be  very  little  metal  deposited  in  these  depressions.  Therefore,  in  order 
for  a  plating  solution  to  have  good  throwing  power  the  current  effi- 
ciencies at  low  current  densities  should  be  high.  The  rate  of  lowering 
of  the  current  efficiency  as  the  current  density  is  lowered  gives  a  measure 
of  the  throwing  power  of  the  bath.  The  best  current  efficiencies  are 
shown  in  the  curves  (Fig.  2). 

Thick  Deposits 

The  chloride,  sulfate,  and  perchlorate  baths  were  run  at  60°  and  a 
pH  of  4  for  about  17  hours  at  a  current  density  of  about  175  amp./sq. 
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ft.  to  determine  the  relative  treeing  and  nodule  formation  tendency  for 
each  bath. 

The  ordinary  sulfate  baths  showed  a  rather  strong  tendency  to 
form  trees  and  nodules  on  the  corners  of  the  plate;  this  effect  increased 
as  the  current  density  was  raised.  Nodules  formed  on  the  surface  of 
a  plate  are  caused  chiefly  by  the  presence  of  suspended,  conducting 
particles  which  adhered  to  the  cathode.  The  surface  of  the  sulfate 
plate  was  light  gray  in  color  and  was  covered  with  pits.  The  chloride 
and  perchlorate  solutions  gave  good  plates  free  from  nodules  and  trees. 
The  chloride  plate  was  dark  gray  and  smooth;  the  perchlorate  was 
bright  and  free  from  pits  but  the  surface  was  somewhat  rough.  At 
the  lower  current  density  the  sulfate  showed  less  treeing,  but  large 
nodules  were  still  formed  at  the  corners.    The  surface  of  the  plate  was 
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light  gray  and  covered  with  pits.  The  chloride  plate  obtained  at  the 
lower  current  density  was  the  same  as  that  at  high  current  density. 
The  perchlorate  gave  a  smooth  light  colored  plate,  but  was  not  bright. 
The  pH  of  all  solutions  stayed  about  the  same. 

Summary 

In  comparing  the  nickel  perchlorate  bath  with  the  sulfate  and 
chloride  baths  it  was  found  that  the  perchlorate  gave  brighter  plates 
which  were  more  free  from  pin-holes. 

Very  dark  plates  were  obtained  from  the  chloride  solutions  except 
at  current  densities  between  80  and  144  amp./sq.  ft.  and  pH  2  and  3. 

The  sulfate  bath  gave  a  light  gray  somewhat  pitted  plate  under  all 
conditions  at  60°. 

The  perchlorate  at  60°  gave  different  degrees  of  brightness  depending 
on  the  current  density  and  pH.  The  plates  became  whiter  as  the  pH  was 
lowered  and  as  the  current  was  raised.  Light  gray  deposits  were  obtained 
between  pH  2  and  5  and  30  to  50  amp/sq.  ft.;  bright  deposits  were 
obtained  at  pH  2  and  3  between  77  and  144  amp./sq.  ft.  Plates  between 
these  ranges  were  semi-bright. 

Plates  obtained  at  25°  were,  in  all  solutions,  whiter  in  color  than 
those  at  60°;  however,  the  range  for  satisfactory  plates  was  not  as 
great  as  at  the  higher  temperatures.  At  the  lower  temperature  some 
plates  in  all  solutions  cracked  or  peeled. 

The  chloride  bath  had  the  lowest  voltage  and  the  sulfate  the  highest. 

The  cathode  efficiencies  of  the  chloride  bath  were  superior  to  those 
of  the  sulfate  and  perchlorate. 

Anode  corrosion  rate  was  greatest  in  the  chloride  bath  and  lowest 
in  the  perchlorate. 

Thick  deposits  made  at  a  pH  4,  60°  C,  and  a  current  density  of  50 
amp./sq.  ft.  showed  the  greatest  treeing  tendency  of  the  sulfate  bath. 
The  chloride  and  perchlorate  baths  gave  smooth  plates  free  of  nodules 
or  trees.  The  chloride  was  dark,  but  the  perchlorate  had  a  whiter, 
brighter  color. 


The  Extraction  of  the  Protein  Components  of  Human  Hair 

I.     Aqueous  Extraction  as  a  Function  of  pH  and  Temperature 
after  Reductive  or  Oxidative  Treatments 

James  P.  Danehy,  University  of  Notre  Dame 

Introduction 

Keratin  fibers,  such  as  wool  and  human  hair,  are  structures  insoluble 
without  previous  chemical  modification.  They  have  a  remarkably,  per- 
haps uniquely,  high  protein  content.  By  reason  of  their  morphological 
differentiation  one  would  expect  these  fibers  to  contain  more  than  one 
protein  component.  Qualitative  and  semiquantitative  support  for  this 
view  were  furnished  by  Geiger's  data  on  the  amino  acid  contents  of 
cortex  and  cuticle  fractions  of  wool  which  had  been  separated  by  mechan- 
ical means  (1).  Later  studies  on  the  physical  properties  of  partial 
solutions  of  wool  substance  have  cast  some  light  on  the  range  of  molecu- 
lar weights  and  shapes  of  degradation  products  of  wool  (2,  3).  A  chem- 
ical study  of  a  hydrolysate  of  wool  which  had  been  treated  with 
nuorodinitrobenzene  has  furnished  a  quantitative  estimation  of  end- 
groups  and  a  calculation  of  average  chain  weight,  and  has  led  to  the 
proposal  of  a  molecular  model,  as  yet  highly  hypothetical  (4).  More 
recently  an  Australian  group  has  described  some  of  the  properties 
of  protein  fractions  obtained  by  the  extraction  of  wool  at  50°  C.  with 
alkaline  thioglycolate  solutions  (5-14). 

Yet  much  work  remains  to  be  done  before  the  individual  protein 
components  of  any  keratin  fiber  can  be  characterized  and  their  morpho- 
logical distribution  ascertained.  In  particular,  more  attention  must  be 
paid  than  has  been  in  the  previously  reported  studies  to  an  essential 
requirement:  to  obtain  solutions  which  are  as  representative  as  possible 
of  the  total  protein  substance,  under  conditions  in  which  degradation 
of  the  linear  units  (peptide  hydrolysis)  will  be  kept  to  a  minimum. 
The  presently  reported  experimental  study  of  human  hair  has  been 
directed  especially  to  this  question. 

While  at  present  we  are  unable  to  specify  all  of  the  forces  respon- 
sible for  the  cohesion  of  the  fiber  and  for  its  resistance  to  solution, 
there  is  no  doubt  but  that  the  disulfide  linkages  of  cystinyl  residues  are 
the  most  important.  An  essential  prerequisite  for  any  procedure  for 
dissolving  intact  peptide  chains  of  hair  is  the  cleavage,  by  oxidative 
or  reductive  methods,  of  as  many  of  these  disulfide  bonds  as  are  re- 
sponsible for  inter-chain,  rather  than  intra-chain,  linkages.  The  solubility 
of  such  chemically  modified  fibers  can  then  be  studied  as  a  function 
of  those  factors  (pH,  ionic  strength,  specific  solvent,  temperature)  which 
are  known   to   govern   the   behavior   of  potentially   soluble   proteins. 
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The    Extractability    of    Reduced    Hair    as    a    Function    of    pH,    with    or 
without  Protein  Swelling  Agents 

Experimental  Procedures:  1)  Bundles  of  hair  fibers  (about  4  in.  in 
length;  0.5-1.0  g.)  were  treated  over-night  at  room  temperature  in 
test  tubes  with  25  ml.  0.47  M  sodium  thioglycolate  (TG)  adjusted  to 
different  pH  values.  The  TG  solutions  were  decanted  and  discarded, 
the  hair  briefly  rinsed  with  water,  and  20  ml.  of  saturated  aqueous 
urea  or  of  90%  formic  acid  was  added.  After  two  days  the  solutions 
were  decanted,  the  hair  samples  washed  repeatedly  with  water,  de- 
watered  with  acetone,  air-dried  and  weighed  (Table  1). 

TABLE  1 

Extraction  With  Aqueous  Urea  or  Formic  Acid  After 
Neutral  Reduction* 

Treatment  Original        Wt.  after      Percentage 

Sample  Initial**  Final  wt.,  g.      extraction,  g.    extraction 


1 

pH   4.68 

Sat'd  aq. 
urea 

0.68 

0.66 

3 

2 

pH   7.19 

" 

0.76 

0.63 

17 

3 

pH  8.10 

" 

0.53 

0.43 

19 

4 

pH   4.6S 

90%  formic 
acid 

0.50 

0.50 

0 

5 

pH   8.42 

0.79 

0.78 

2 

*  All  operations  at  room  temperature:  26-28°C. 

**  Over-night    reduction    with     0A7M    sodium    thioglycolate    adjusted    to 
pH  value  given. 

2)  Bundles  of  hair  fibers  were  treated  at  room  temperature  with  25  ml. 
portions  of  0.47  M  TG  adjusted  to  increasingly  alkaline  pH  values.  After 
48  hours  the  extracts  were  decanted,  combined,  and  dialyzed.  The  swollen 
fibers  were  further  extracted  with  25  ml.  water  for  24  hours  followed  by 
two  aqueous  extractions  for  shorter  periods.  Protein  was  precipitated 
from  both  the  dialyzed  urea  solution  and  the  combined  aqueous  extracts 
by  acidification  with  acetic  acid  to  pH  5.5-6.0.  The  washed  hair  samples 
were  dewatered  with  acetone,  air-dried  and  weighed   (Table  2). 

TABLE  2 

Extraction  at  27-28° C.  With  0.47M  Sodium  Thioglycolate  for  48 
Hours  as  a  Function  of  pH 

pH  of  solution  Original  Wt.  after       Percentage 

Sample  Initial  Final  wt.,  g.  extraction,  g.     extraction 

1  9.08  S.S1  0.58  0.58  0 

2  10.02  9.87  1.01  0.53  47.5 

3  11.02  10.84  0.76  0.21  72.4 

3)  Bundles  of  hair  fibers  were  treated  at  room  temperature  with  25  ml. 
portions  of  0.47  M  TG,  half-saturated  with  urea,  adjusted  to  increasingly 
alkaline  pH  values.  After  72  hours  the  solutions  were  decanted,  com- 
bined and  dialyzed.  The  swollen  fibers  were  further  extracted  with 
water,  dewatered  with  acetone,  air-dried  and  weighed  (Table  3).  Pro- 
tein was  precipitated  from  both  the  dialyzed  urea-TG  solution  and  the 
combined   aqueous   extract  by   acidification  with   acetic  acid  to  pH   5.6. 
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TABLE  3 

Extraction  at  27-8°  C.  With  0.47M  Sodium  Thioglycolate,  Half-Saturated 
With  Urea,  for  72  Hours  as  a  Function  of  pH 

pH  of  solution  Original  Wt.  after       Percentage 

Sample  Initial  Final  wt.,  g.  extraction,  g.     extraction 

1  8.95  8.82  0.62  0.54  12.9 

2  9.52  9.44  0.52  0.29  44.2 

3  10.00  9.94  0.81  0.48*  40.7 

4  10.62  10.51  1.16  0.39  66.4 

Discussion:  The  first  experiments  were  prompted  by  the  quickly  dissi- 
pated hope  that,  following  extensive  reduction  in  the  neutral  range, 
the  hair  substance  could  be  dissolved  with  the  aid  of  powerful  protein 
swelling  agents  such  as  aqueous  urea  or  aqueous  formic  acid,  thus 
avoiding  exposure  of  the  fibers  to  high  pH  values.  Consideration  of 
the  data  in  Table  I  reveals  that  extraction  of  fibers  with  saturated 
aqueous  urea  followed  by  water,  after  reduction  with  TG  over  the  pH 
range  of  5  to  8,  results  in  the  solution  of  only  3  to  19%  of  the  hair 
substance.  Extraction  with  90%  formic  acid  followed  by  water,  after 
reduction  with  TG  at  pH  4.68  or  8.42,  is  almost  completely  ineffective  in 
dissolving  protein. 

Systematic  comparison  of  the  effectiveness  as  extracting  agents 
of  TG,  and  of  TG  plus  urea,  at  increasing  pH  values  shows  that  urea 
does  seem  to  have  some  effect  on  lowering  the  pH  value  for  incipient 
solubilization  (Tables  2  and  3).  But  at  pH  10  and  above  urea  seems  to 
offer  no  advantage. 

Influence  of  Lithium  Bromide  on  Extraction  with  Aqueous, 
Alkaline  Thioglycolate 

Experimental  Procedures :  1)  From  a  stock  solution,  0.94  M  TG  at  pH 
9.11,  20  ml.  aliquots  were  added  to  weighed  amounts  of  lithium  bromide 
which  had  been  added  to  a  50  ml.  graduated  cylinder.  Water  was  added 
to  give  40  ml.  of  solution,  the  pH  value  determined,  and  the  entire 
solution  poured  into  a  large  test  tube  to  which  a  weighed  amount  of 
hair  had  already  been  added.  The  tubes  were  held  48  hours  at  room 
temperature  (23-25°  C.)  with  occasional  shaking.  While  the  strongest 
lithium  bromide  solution  seemed  the  least  active  in  swelling  the  fibers 
during  the  first  few  hours  there  was  no  doubt  but  that  it  caused  by 
far  the  greatest  swelling  after  48  hours.  The  extracting  solutions  were 
then  decanted  and  replaced  with  water.  Replacement  of  water  was 
carried  out  twice  daily  for  several  days.  Neither  the  original  extracts, 
nor  the  subsequent  aqueous  extracts,  were  further  investigated  when  it 
was  seen  that  virtually  no  protein  had  been  extracted  from  the  hair. 
The  hair  samples  were  finally  dehydrated  with  acetone,  air-dried  and 
weighed  (Table  4). 

2)  Procedures  were  the  same  as  in  the  preceding  series  except  that 
the  0.94  M  TG  stock  solution  had  a  pH  of  9.80.    In  addition,  a  control 


*  Residue   whitened   when    treated   with   acetone,   indicating   insufficient 
rinsing  with  water;  percentage  extraction  figure  therefore  low. 


Chemistry 


131 


TABLE  4 
Extraction  at  23-25°   C.  With  0.47M  Sodium  Thioglycolate   Containing 

Lithium  Bromide 


Original 

Wt.  after 

Percentage 

Sample 

LiBr,  M 

pH 

tot.,  g. 

extraction,  g. 

extraction 

1 

0.879 

8.95 

1.005 

1.003 

0.2 

2 

1.758 

8.80 

1.085 

1.078 

0.1 

.: 

3.516 

8.51 

1.072 

1.059 

0,1 

4 

7.032 

8.05 

1.136 

1.080 

4.5 

was  included:  i.e.,  one  hair  sample  was  extracted  with  diluted  stock 
solutions  containing  no  lithium  bromide.  Also,  since  appreciable  protein 
was  extracted,  the  first  500  ml.  of  combined  water  rinsing  from  all  five 
hair  samples  (not  including  the  original  TG  -  LiBr  extract)  was  analyzed 
and  found  to  contain  123.4  mg\  nitrogen;  after  acidification  of  this 
extract  with  acetic  acid  and  settling  of  the  precipitated  protein  the 
supernatant  solution  contained  55.4  mg.  nitrogen  (Table  5). 

TABLE  5 

Extraction  at  23-25°   C.   With  0.47M   Sodium  Thioglycolate   Containing 

Lithium  Bromide  at  a  Higher  pH  Level 


plf 

Original 

Wt.  after 

Percentage 

Sample 

LiBr,  M 

Initial 

Final 

wt.,  g. 

extraction,  g. 

extraction 

1 

0.879 

9.85 

9.71 

1.0039 

0.4586 

54.2 

2 

1.758 

9.70 

9.50 

1.0010 

0.5358 

46.4 

:: 

3.516 

9.44 

9.24 

1.0000 

0.6028 

39.7 

4 

7.032 

8.82 

8.70 

1.0006 

0.7125 

28.7 

5 

0 

10.09 

9.85 

1.0000 

0.4307 

56.9 

3)  The  procedure  for  the  preparation  of  the  reagent  was  modified  so 
that  the  solutions,  varying  in  lithium  bromide  concentration,  would  have 
constant  pH  values  while  in  contact  with  the  hair.  As  anticipated, 
however,  this  caused  the  subsequent  water  rinsings  to  be  carried  out 
over  a  wide  pH  range.  The  stock  solution,  0.94  M  TG,  was  at  pH  8.0. 
A  20  ml.  aliquot  was  added  to  the  weighed  amount  of  lithium  bromide, 
strong  sodium  hydroxide  solution  added  to  the  pH  desired,  and  the 
solution  then  brought  to  40  ml.  with  water.  The  extraction  was  then 
carried  out  exactly  as  in  the  two  preceding  series   (Table  6). 

TABLE  6 

Attempts  to   Extract  Hair  With  Thioglycolate-Lithium   Bromide 
Solutions  at  Constant  pH  Values 


pit 


Sample         LiBr,  M        Initial 


Final 


First  Wt.  after      Percentage 

rinsing       extraction,  g.    extraction 


1 

0 

9.49 

9.43 

9.64 

0.7254 

27.5 

2 

0.879 

9.49 

9.50 

9.81 

0.5423 

45.8 

3 

1.758 

9.50 

9.50 

9.91 

0.5583 

44.2 

4 

3.516 

9.47 

9.61 

10.18 

0.4370 

56.3 

5 

7.032 

9.27 

9.61 

11.39 

0.2514 

74.9 

All  original  weights  were  1.0000  g-. 
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4)  As  a  pretreatment,  the  hair  was  subjected  to  a  supercontraction 
procedure,  the  details  of  which  were  supplied  by  C.  C.  Jensen  (15). 
Hair  (about  6  g.)  was  soaked  over-night  in  100  ml.  sodium  phosphate 
buffer  at  pH  7.30,  rinsed  with  distilled  water,  and  air-dried.  The  hair 
was  then  added  to  100  ml.  of  aqueous  solution  containing  57.5  g.  lithium 
bromide  which  had  been  preheated  to  95°  C.  and  the  mixture  was  held 
at  95°  C.  for  30  minutes.  During  this  time  the  hair  became  so  gelatinous 
that  it  would  have  been  very  easy  to  disintegrate  mechanically.  After 
the  mixture  had  cooled  the  solution  was  discarded  and  the  hair  washed 
repeatedly  with  distilled  water  (several  days)  until  the  decanted  water 
no  longer  clouded  on  addition  of  silver  nitrate  solution.  The  hair  was 
then  air-dried.  Despite  the  drastic  swelling  it  had  undergone,  neither 
in  visible  appearance  nor  in  handle  did  it  seem  to  differ  from  hair  of  the 
same  lot  which  had  not  been  so  treated.  Whether  or  not  the  fibers 
shortened  was  not  measured.  Five  samples  of  this  pretreated  hair  were 
then  extracted  with  40  ml.  of  0.47  M  TG  which  had  been  adjusted  to 
different  pH  values.  The  extraction  procedure  was  the  same  as  in 
the  preceding  series  (Table  7).  The  combined  extracts  and  water  wash- 
ings contained  176.6  mg.  nitrogen  before  precipitation  and  98.0  mg. 
nitrogen  after  precipitation.  The  precipitate  was  washed  with  water  and 
lyophilized  (0.86  g.). 

Discussion:  The  clearly  intended  purpose  of  the  first  two  series  of 
experiments  was  to  determine  the  influence  of  increasing  concentrations 
of  lithium  bromide  on  the  extraction  of  protein  from  hair  fibers  reduced 
with  TG  at  pH  9  and  10  (Tables  4  and  5).  In  both  series,  however,  the 
range  of  concentrations  of  lithium  bromide  employed  caused  a  gradual 
decrease  in  pH  values  amounting  to  one  full  unit.  A  third  series,  in 
which  the  initial  pH  values  of  the  extracting  solutions  were  kept  closer 
by  adding  increasing  amounts  of  sodium  hydroxide,  did  not  solve  the 
problem  since  on  subsequent  extraction  with  water  the  pH  values  rose 
very  steeply  (Table  6).  Despite  the  unsatisfactory  control  of  the  inter- 
dependent variables  it  can  be  concluded  that  lithium  bromide  is  not  a 
particularly  useful  adjunct  for  such  extractions.  The  total  amount  of 
protein  extracted,  considering  the  highest  pH  value  attained  in  each  case 
on  subsequent  extraction  with  water,  is  comparable  to  what  would  have 
been  attained  if  no  lithium  bromide  had  been  used.  It  should  be  noted 
that  only  about  45  to  55%  of  the  nitrogen  extracted  by  the  TG  -  LiBr 
solutions  is  precipitable  by  adjusting  the  pH  values  of  the  extracts  to  the 
point  of  maximum  precipitation  (about  pH  5.5). 

TABLE  7 

Extraction  of  Supercontracted  Hair  With  0.47M  Sodium 

Thioglycolate  as  a  Function  of  pH 


plf 

Original 

Weight  after 

Percentage 

Sample 

Initial 

Final 

tot.,  g. 

extraction,  g. 

extraction 

1 

8.59 

8.44 

1.0023 

0.9990 

0.2 

2 

9.03 

8.98 

1.0002 

0.9046 

9.5 

3 

9.50 

9.45 

1.0003 

0.6028 

39.7 

4 

10.00 

9.97 

1.0007 

0.4777 

52.2 

5 

10.52 

10.42 

1.0010 

0.3593 

64.1 
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The  results  of  the  fourth  series  of  experiments,  in  which  hair 
was  submitted  to  a  rather  drastic  supercontraction  procedure  before 
extracting-  with  aqueous  TG  at  five  different  pH  values,  show  that  this 
physically  modified  hair  has  substantially  the  same  extractability  as 
untreated  hair  (Table  7). 

Extractability  of  Hair  With  Alkaline  Buffers  as  a  Function  of 
Extent  of  Reduction  of  the  Hair 

The  established  fact,  that  the  amount  of  protein  extracted  from 
hair  by  alkaline  TG  solutions  increases  with  the  pH  of  the  solution 
used,  suggested  the  possibility  of  fractionation  of  hair  proteins  by 
reduction  with  a  neutral  solution  of  TG  followed  by  extraction  of  the 
reduced  hair  with  a  series  of  buffers  of  increasing  alkalinity.  Experi- 
mentally, however,  it  was  found  that  such  a  procedure  resulted  in 
negligible  extraction  of  protein  when  the  hair  had  been  reduced  at  pH 
6.68.  This  finding  prompted  an  investigation  of  the  actual  extent  of 
reduction  of  hair  by  TG  over  the  pH  range  of  2  to  8.5  and  the  sub- 
sequent extractability  of  these  reduced  hair  samples  by  phosphate  buffer 
at  pH  11.0. 

Procedure:  Approximately  one  gram  samples  of  hair  were  weighed 
accurately  into  125  ml.  Erlemeyer  flasks  and  smaller  samples  (un- 
weighed,  for  blocking  and  cystine  analysis  immediately  after  removal 
of  TG)  were  placed  in  test  tubes.  Solutions,  each  0.47  M  in  TG  and 
adjusted  to  different  pH  values,  were  added  to  the  hair  samples:  75  ml. 
to  the  weighed  samples  and  25  ml.  to  the  unweighed  samples.  After 
48  hours  the  solutions  were  decanted  from  the  flasks,  their  pH  values 
determined,  and  the  solutions  discarded.  Each  hair  sample  was  rinsed 
for  a  few  seconds  with  20  ml.  water,  the  latter  discarded,  and  50  ml. 
of  phosphate  buffer  at  pH  11.02  added.  Over  a  period  of  48  hours 
each  sample  was  extracted  successively  with  three  50  ml.  portions  of 
phosphate  buffer  (pH  11.02)  and  three  50  ml.  portions  of  water.  The 
hair  samples  were  then  repeatedly  rinsed  with  water  until  the  pH  values 
of  the  rinsings  were  below  10,  and  the  still  rather  swollen  hair  samples 
were  then  lyophilized,  moisture  equilibrated  with  air,  and  weighed.  Two 
such  series  were  run  at  different  times.  In  the  first  series  the  smaller 
samples,  in  the  test  tubes,  were  rinsed  with  water  after  48  hours  in 
the  TG  solutions,  then  25  ml.  aqueous  ethylene  oxide  was  added  (30  g. 
ethylene  oxide  plus  100  g.  water)  in  order  to  block  the  free  sulfhydryl 
groups  in  the  reduced  hair,  the  sample  drained  after  24  hours,  rinsed 
several  times  with  water,  and  finally  air-dried.  These  samples  were 
then  hydrolyzed  in  sealed  tubes  with  6  N  HC1  at  118-120°  C.  for  six 
hours,  and  the  cystine  contents  of  the  hydrolyzates  were  determined  by 
the  method  of  Shinohara  (16).  The  extent  of  reduction  was  estimated 
from  the  differences  in  cystine  content  between  the  original  hair  lot 
and  the  reduced  and  blocked  samples.  In  the  second  series  the  pro- 
cedure was  the  same  except  that  the  blocking  solution  was  a  mixture 
of  20  ml.  aqueous  ethylene  oxide  and  10  ml.  phosphate  buffer  at  pH  6.98, 
Only  in  the  second  series  are  the  cystine  analyses  considered  reliable. 
(In  the  absence  of  strong  buffering  in  the  neutral  range  reaction  between 
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ethylene   oxide   and   sulfhydryl   groups   causes   a   sharp   increase   in   pH 
which  disintegrates  the  reduced  hair  samples   (17)).    (Table  8) 

TABLE  8 

Extraction   of  Hair  at  pH   11.02  After  Reduction  With  0.47M  Sodium 

Thioglycolate  at  Various  pH  Values 


pH  of 

reduction 

Reduction 

Per 

centage 

Sample 

Initial 

Final 

level,  % 

ext 

Taction 

1 

1.96 

2.20 

54.8 

13.5 

2 

2.89 

2.95 

11.8 

3 

2.90 

2.88 

61.7 

11.7 

4 

5.02 

4.88 

71.5 

8.19 

5 

5.41 

5.18 

8.57 

6 

6.94 

5.75 

8.18 

7 

8.45 

8.34 

7.57 

8 

8.48 

8.21 

83.6 

5.86 

9 

...  * 

0.00 

Discussion:  The  data  presented  in  Table  8  show  clearly  that  the  extent 
of  alkaline  extraction  is  not  a  function  of  the  degree  of  reduction  over 
the  range  of  55  to  84%  reduction.  While  the  differences  in  amount 
extracted  by  alkali  are  small  they  are  consistent:  more  protein  is 
extracted  at  lower  degrees  of  reduction.  The  minimum  amount  extracted 
(5.9%)  was  from  the  sample  with  the  maximum  degree  of  reduction 
(84.6%).  Why,  then,  does  extraction  with  alkaline  TG  increase  steeply 
as  the  pH  is  increased  over  the  next  1.5  pH  units?  At  pH  10  is 
reduction  substantially  complete?  Is  complete  reduction  a  prerequisite 
for  high  degrees  of  extraction  ?  These  questions  are  not  easily  answered 
since  the  difficulties  of  determining  the  degree  of  reduction  in  a  sample, 
a  large  part  of  which  is  streaming  into  solution,  are  formidable.  Also, 
what  is  the  significance  of  the  increasing  alkaline  extraction  of  samples 
of  decreasing  degrees  of  reduction?  In  view  of  these  results  it  cannot 
be  assumed  that  the  mechanism  of  the  solution  of  hair  protein  in 
alkaline  TG  is  simply  reduction  followed  by  alkaline  solution  of  the 
reduced  components. 

Influence  of  Temperature  on  the  Extraction  of  Hair  With  Alkaline 
Thioglycolate  and  on  the  Nature  of  the  Extracted  Fractions 

Since  the  extraction  of  50  to  75%  of  the  hair  substance  requires 
TG  solutions  at  pH  10  to  11.5  the  question  is  raised  as  to  whether  or 
not  some  alkaline  hydrolysis  of  peptides  may  take  place  under  these 
conditions.  Dialysis  of  extracts  and  degree  of  precipitability  of  protein 
from  extracts  have  been  used  as  rough  screening  methods  for  detection 
of  low  molecular  weight  fragments.  Since  some  of  the  latter  may  be 
natural  components  of  the  fibers  the  mere  presence  of  dialyzable  nitrogen 
or  of  non-precipitable  nitrogen  would  not  demonstrate  peptide  hydrolysis, 
but  differences  in  these  values  as  a  function  of  temperature  would  be 
significant. 

Procedure :  Duplicate  one  gram  samples  of  hair  were  weighed  into 
125  ml.  Eilenmeyer  flasks.    To  each  flask  was  added  50  ml.  of  a  0.47  M 


Not  reduced,  but  extracted  with  the  phosphate  buffer  at  pH  11.02. 
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TG  solution  at  pH  9.29,  10.00,  or  10.92.  After  48  hours  at  26-28°  C. 
the  solutions  were  decanted  into  volumetric  flasks  and  25  ml.  water 
was  added  to  each  hair  sample.  At  approximately  ten  hour  intervals 
four  aqueous  extracts  were  decanted  from  each  hair  sample  into  the 
appropriate  volumetric  flask  containing  the  original  TG  extract.  Char- 
acteristically, the  pH  values  of  successive  aqueous  extracts  increase  con- 
siderably before  they  decline.  For  the  samples,  in  the  order  of  increas- 
ing pH  value  of  the  original  TG  solution,  the  pH  values  of  successive 
aqueous  extracts  were:  9.53,  9.93,  10.52,  10.98;  10.38,  10.81,  11.34,  11.38; 
11.61,  11.77,  11.70,  11.27.  Each  collective  solution  was  then  diluted 
volumetrically  for  subsequent  sampling.  One  hundred  ml.  of  each 
solution,  in  a  dialysis  tube,  was  placed  in  a  one  liter  cylinder  containing 
900  ml.  water.  After  sampling  the  remainder  of  each  solution  for  total 
nitrogen  determination  (micro-Kjeldahl  procedure)  each  solution  was 
carefully  acidified  by  drop-wise  addition  of  glacial  acetic  acid. 

A.  pH  9.59;  still  clear  at  pH  8.7;  opalescent  at  pH  7.1;  flocculated  at  pH 
5.95. 

B.  pH  10.75;  only  faint  opalescence  at  pH  6.6;  increased  opalescence  but 
no  precipitate  at  pH  5.82;  flocculated  at  pH  5.55. 

C.  pH  11.80;  opalescence  did  not  develop  until  pH  4.90;  flocculated  at 
pH  4.72. 

After  each  precipitate  had  settled  the  supernatants  were  again  sampled 
for  total  nitrogen.  After  99  hours  of  dialysis  duplicate  aliquots  of 
dialysand  were  taken  for  nitrogen  analysis.  Finally,  the  hair  residues 
were  repeatedly  washed  with  water  and  lyophilized  before  weight  loss 
determination.  A  second  series  of  experiments  was  conducted  in  exactly 
the  same  manner  except  that  all  operations  were  carried  out  in  a 
refrigerator  at  1-2°  C.  (Table  9). 

Discussion:  In  all  of  the  earlier  experiments  the  values  for  percentage 
weight  loss  were  taken  to  be  equivalent  to  the  percentage  extraction 
of  protein.  It  is  worth  noting  that  the  values  for  percentage  extraction 
(weight  loss)  given  in  Table  9  agree  well  with  the  values  for  percentage 
of  total  nitrogen  extracted. 

While  less  nitrogen  is  extracted  at  1-2°  C.  than  at  27-28°  C.  several 
observations  point  to  the  conclusion  that  degradation  (peptide  hydrolysis) 
is  appreciably  greater  in  the  latter  case.  The  percentage  of  nitrogen 
extracted  which  is  precipitable  is  consistently  higher  at  1-2°  than  at 
27-28°;  conversely,  the  amounts  of  nitrogen  dialyzable  in  the  1-2°  ex- 
tracts are  consistently  lower  than  the  amounts  of  nitrogen  dialyzable  in 
the  27-28°  extracts.  At  the  higher  temperature  while  the  percentage 
of  nitrogen  extracted  which  is  precipitable  first  increases,  then  decreases, 
the  absolute  difference  between  nitrogen  extracted  and  nitrogen  precipi- 
tated increases  sharply  (20.5,  25.4,  67.1  mg.).  At  1-2°,  however,  the 
absolute  difference  between  the  nitrogen  extracted  and  the  nitrogen 
precipitated  is  almost  constant  (6.5,  6.1,  6.8  mg.)  while  the  percentage 
of  the  nitrogen  extracted  which  is  precipitable  rises  from  a  minimum  of 
61%  (for  only  11%  extraction)  to  a  maximum  of  91%  (for  48% 
extraction).  These  facts  suggest  either  a  certain  amount  of  naturally 
occurring  polypeptides  of  low  molecular  weight,  or  amide  nitrogen  readily 
susceptible  to  alkaline  hydrolysis.    In  neither  series,  however,  could  all 
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of  the  non-precipitable  nitrogen  be  assigned  to  ammonia  arising  from 
hydrolysis  of  side-chain  amide  groups,  for  all  of  this  ammonia  would 
dialyze  readily.  The  results  of  this  study  certainly  indicate  that  all 
extractions   should  be  carried  out  at  temperatures  as  low  as   possible. 

Aqueous   Extraction   as   a   Function  of  pH   of  Hair  Oxidized 
With  Peracetic  Acid 

Procedure :  Five  hair  samples  were  treated  with  50  ml.  portions  of  2.4% 
peracetic  acid  in  stoppered  125  ml.  Erlenmeyer  flasks  at  27-28°  C.  for 
21  hours.  The  five  solutions  were  decanted,  together  with  a  small  water 
rinse  in  each  case,  into  the  same  500  ml.  volumetric  flask.  Each  hair 
sample  was  then  watered  to  about  50  ml.  and  adjusted  to  a  selected  pH 
value  with  0.15  N  NaOH.    The  pH  values  given  in  Table  10  are  approxi- 

TABLE  10 
Extraction   of   Hair,   Oxidized   With   Peracetic   Acid,   With  Water   as   a 

Function  of  pH 

Nitrogen 
in  extract 
after  pH 


pH  of  Solution 

Original 

Wt.  after 

Percentage 

adjustment , 

Sample 

Initial 

Final 

tot.,  g. 

extraction,  g. 

extraction 

mg* 

1 

7.0 

5.52 

1.08 

0.40 

62.9 

56.5 

2 

8.0 

6.58 

1.04 

0.19 

81.7 

99.8 

3 

9.1 

6.92 

1.05 

0.18 

82.9 

109.3 

4 

10.0 

7.88 

1.07 

0.13 

87.8 

110.8 

5 

11.0 

8.68 

1.05 

0.08 

92.3 

116.6 

mate  since  the  interaction  of  the  aqueous  alkali  with  the  fibers  from 
which  excess  peracetic  acid  (or  acetic  acid)  was  diffusing  continuously 
for  some  time  tended  to  keep  the  pH  values  going  down  slowly.  After 
20  hours  an  unsuccessful  attempt  was  made  to  separate  the  greatly 
swollen,  but  still  distinctly  fibrous,  residues  by  centrifugation.  Accord- 
ingly, the  separation  was  made  by  gravity  filtration  through  a  glass 
wool  plug  and  the  residues  were  similarly  washed,  though  not  very 
efficiently,  with  water.  Each  residue  was  lyophilized.  Each  alkaline  solu- 
tion and  its  corresponding  water  washings  were  collected  in  a  volumetric 
flask,  aliquoted  for  nitrogen  determination,  and  the  five  extracts  com- 
bined. Upon  acidification  with  acetic  acid  no  permanent  turbidity  ap- 
peared until  the  pH  reached  4.5;  between  pH  4.1  and  4.0  the  protein 
precipitated  in  flocculent  form.  This  precipitate,  after  washing  with 
water  by  settling  and  decantation,  was  redissolved  to  give  a  perfectly 
clear  solution  by  raising  the  pH  value  to  5.1. 

Discussion:  The  oxidation  of  keratin  fibers  with  peracetic  acid  was 
first  investigated  by  Alexander  (18)  who  claimed  that  ".  .  .  in  the 
reaction  with  wool  only  the  oxidation  of  cystine  is  significant."  This 
statement  is  based,  however,  on  the  findings  of  Toennies   (19)   that  the 


*  The  five,  combined  peracetic  acid  solutions,  decanted  from  the  fibers 
before  pH  adjustment  of  the  latter,  contained  49.0  mg-.  nitrogen;  each 
sample,  therefore,  lost  9.8  mg-.  nitrogen  during  the  peracetic  acid  treatment. 
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only  natural  amino  acids  which  react  with  performic  acid  are  cystine, 
methionine  and  tryptophan.  More  recently  Earland  and  Knight  (20) 
have  recognized  that  peracetic  acid  ".  .  .  is  not,  in  fact,  completely 
specific  for  oxidizing  the  cystine  residues  in  keratin."  In  this  connection 
it  should  be  noted  that  in  the  present  investigation  7.1%  of  the  nitrogen 
of  the  hair  showed  up  in  the  peracetic  acid  solution  before  any  upward 
pH  adjustment  was  made.  This  indicates  either  a  degration  product 
resulting  from  non-specific  oxidation,  or  a  very  soluble  modified  protein 
component.  The  question  of  specificity  to  one  side,  the  data  in  Table  10 
certainly  show  that  protein  is  extracted  in  large  quantities  and  at 
relatively  low  pH  values  from  hair  which  has  been  treated  with  peracetic 
acid.  There  are  at  least  two  possible  reasons  for  this  increase  in  ex- 
tractability,  either  or  both  of  which  may  be  operative.  First,  more  of 
the  cystine  is  oxidized  (about  90%)  by  peracetic  acid  than  is  reduced 
by  thioglycolate  (maximum  measured  value  of  84%).  Second,  the  con- 
version of  the  cystinyl  disulfide  links  to  sulfonic  acid  groups  greatly 
increases  the  acidity  of  the  protein;  this  is  clearly  shown  experimentally 
by  the  lower  pH  value  to  which  solutions  must  be  adjusted  in  order  to 
precipitate  the  modified  protein. 
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An  Electrophoretic  Study  of  the  Serum  Proteins  of  the  Rabbit  as 
Influenced   by   Intravenous   Injection  of  Aureomycin1 

H.  C.  Reitz  and  R.  A.  Messing,  Purdue  University 

An  antibiotic  discovered  by  Duggar  in  1948  was  named  aureomycin 
because  of  a  yellow  pigment  formed  during  the  growth  of  the  mold 
mycelium  and  because  the  isolated  antibiotic  itself  was  golden  yellow 
in  color.  On  the  basis  of  the  chemical  structure  announced  by  the  Lederle 
Laboratories  in  1952  this  antibiotic  also  has  been  designated  as  chloro- 
tetracycline.  One  of  the  first  of  the  broad-spectrum  antibiotics  to  be 
introduced,  aureomycin  has  established  its  usefulness  in  the  treatment 
of  diseases  caused  by  either  gram  negative  or  gram  positive  bacteria 
as  well  as  those  caused  by  certain  of  the  large  viruses  and  Rickettsiae. 
Not  only  has  aureomycin  been  found  of  value  in  the  treatment  of  a  wide 
variety  of  diseases  but  it  has  been  shown  to  have  wide  usefulness  in 
the  field  of  animal  nutrition.  It  has  been  shown  that  the  addition  of 
20  to  40  mgs.  of  aureomycin  per  pound  of  regular  diet  increases  the 
growth  rate  of  poultry*  swine,  and  livestock  by  20  to  40  per  cent. 

Although  aureomycin  has  such  a  wide  use  in  medicine  and  animal 
nutrition,  there  appears  to  be  no  published  data  on  the  effect  of  intra- 
venously administered  aureomycin  on  the  proteins  of  blood  serum.  The 
electrophoretic  method  of  determining  the  serum  proteins  was  chosen 
in  the  present  study  because  of  its  speed,  accuracy,  and  widespread 
clinical  use  in  determining  blood  protein  alterations  in  such  diseases  as 
multiple  myeloma,  portal  cirrhosis  of  the  liver,  rheumatoid  arthritis  and 
a  number  of  others. 

Apparatus  and  Methods 

A  Perkin-Elmer  Model  38  Tiselius  Electrophoresis  apparatus  was 
used  in  this  investigation.  The  cell  capacity  is  2  ml.  and  the  optical 
system  is  based  on  Longsworths  (2)  scanning  modification  of  the 
Toepler  schlieren  method.  The  model  and  operational  technique  are 
described  by  Moore  and  White  (4).  A  barbiturate  buffer  of  0.1  ionic 
strength  and  pH  8.6  was  used  throughout  the  study. 

To  obtain  the  samples  of  protein  for  electrophoretic  analysis,  the 
ear  of  a  rabbit  was  shaved  and  the  skin  was  rubbed  with  90  per  cent 
ethyl  alcohol.  Then  an  incision  was  made  in  the  protruding  vein  with 
a  razor  blade  and  the  blood  allowed  to  drip  into  a  15  ml.  graduated 
centrifuge  tube.  To  prevent  a  clot  from  forming,  the  incision  was 
frequently  wiped  with  absorbent  tissue.  When  5  ml.  of  blood  had 
been  collected  it  was  allowed  to  clot,  the  red  blood  cells  centrifuged  down, 
and  the  clear  serum  removed  with  a  syringe.  The  serum  thus  obtained 
was  diluted  to  three  times  its  volume  with  barbiturate  buffer  giving  a 
protein    concentration    of    about    two    per    cent.     The    resulting    protein 


1  Taken  from  a  thesis  submitted  by  R.  A.  Messing-  to  the  faculty  of 
the  Graduate  School,  Purdue  University,  in  partial  fulfillment  of  the 
requirements  for  the  degree  Master  of  Science,  1956. 
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solution  was  placed  in  cellophane  tubing  and  allowed  to  dialyze  in  a 
refrigerator,  at  5°C.  for  20  to  48  hours  against  one  liter  of  the  barbiturate 
buffer.  The  period  necessary  for  dialysis  was  found  to  be  more  than 
20  hours  to  reach  equilibrium,  and  less  than  48  hours  to  avoid  changes 
in  the  relative  concentration  of  the  components.  After  dialysis  the 
sample  was  introduced  into  the  electrophoresis  cell  by  means  of  a  syringe 
with  a  6-inch  needle.  The  cell  was  then  placed  in  the  ice-water  bath 
of  the  apparatus.  When  the  solution  had  reached  the  temperature  of 
the  bath  the  two  halves  of  the  cell  were  adjusted  to  form  a  boundary 
between  the  protein  solution  and  the  buffer.  The  voltage  was  adjusted 
to  give  a  current  of  5.7  to  7.5  milliamperes.  A  typical  electrophoretic 
pattern  for  normal  rabbit  serum  taken  at  the  end  of  two  hours  is 
shown  in  Fig.  1. 

Injection  of  Aureomycin 

The  sample  of  aureomycin  used  in  this  study  was  a  specially  re- 
crystallized  aureomycin  hydrochloride,  lot  number  7-7206. 2  This  material 
was  dissolved  in  distilled  water  to  give  a  concentration  of  15  mg.  per 
ml.  The  procedure  for  injection  of  antibiotic  was  to  shave  the  ear  of 
the  rabbit  and  rub  the  vein  with  alcohol.  The  hypodermic  syringe 
fitted  with  a  24  gauge  needle  and  containing  the  desired  amount  of 
aureomycin  was  then  inserted  into  the  protruding  vein  and  the  anti- 
biotic allowed  to  flow  slowly  into  the  blood  stream  of  the  animal.  For 
the  studies  at  antibiotic  levels  of  10  to  20  mgs.  per  kilogram  of  body 
weight,  the  total  amount  of  antibiotic  was  injected  at  one  time,  but 
for  the  40  mgs.  per  kilogram  of  body  weight  level  it  was  found  necessary 
to  inject  the  aureomycin  in  four  equal  portions  at  six  hour  intervals  as 
several  animals  died  immediately  on  injection  of  the  entire  amount. 
Although  extreme  care  was  taken  to  avoid  contamination  and  sterile 
technique  was  observed  throughout  in  use  of  syringes  and  needles,  it 
was  noted  that  the  solution  of  aureomycin  seemed  to  develop  toxic 
properties  after  6  weeks  even  though  kept  in  the  refrigerator.  It  was 
found  than  an  injection  of  20  mgs.  per  kg.  of  body  weight  of  the  aged 
solution  caused  the  immediate  death  of  an  animal,  although  the  same 
amount  of  the  freshly  prepared  antibiotic  had  previously  shown  no 
deleterious  effect. 

Blood  was  withdrawn  one-half  and  twelve  hours  after  injection  of 
the  antibiotic  except  in  the  case  of  the  40  mg.  per  kg.  of  body  weight 
in  which  the  second  sample  of  blood  was  withdrawn  after  six  and  one-half 
hours.  In  order  to  have  a  valid  basis  for  comparison  the  electrophoretic 
pattern  for  a  particular  animal  was  determined  a  short  time  before 
administration  of  aureomycin  to  the  same  animal.  The  electrophoretic 
pattern  for  the  serum  protein  of  a  rabbit  12  hours  after  injection  of  10 
mg.  of  aureomycin  per  kg.  of  body  weight  is  shown  in  Figure  2.  The 
electrophoretic  pattern  obtained  after  injection  of  the  largest  amount 
used  is  shown  in  Figure  3. 


2  We  wish  to  acknowledge  our  appreciation  to  Dr.  N.  Bohonis  and   the 
Lederle  Laboratories   for  supplying-  the   aureomycin   used   in   this  study. 
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figure  jl 


Figure    1.      Electrophoresis    pattern    of    normal    rabbit    serum. 
Figure  2.     Electrophoresis  pattern  of  rabbit  serum  12  hours  after  injection 

of   10    rags.   Aureomycin   per   kg.    body   weight. 
Figure  3.     Electrophoresis  pattern  of  rabbit  serum  6%  hours  after  injection 

of   40    mgs.   Aureomycin   per   kg.    body   weight. 


Calculation  of  Results 

The  distance  of  migration  in  centimeters  of  the  various  fractions 
was  determined  by  placing  the  photograph  of  the  initial  boundary  over 
the  photograph  taken  at  the  end  of  two  hours  and  measuring  the  distance 
from  the  center  of  the  initial  boundary  to  the  center  of  the  component 
in  question.  Protein  mobility,  u,  was  calculated  by  means  of  the  equation: 
d  K  q 


ti 


where : 


u  =  protein  mobility 

d  =  distance  (cm.)  migrated 

K  =  conductivity  (1/ohms)  of  buffer 

q  =  cross  sectional  area  of  cell  -  0.288  cm.2 

t    =  time(sec) 

i    =  current  in  amperes 

The  effect  of  varying  concentration  of  aureomycin  on  the  mobility 
of  the  various  components  of  rabbit  blood  serum  is  summarized  in 
Table  1.  Values  for  the  corresponding  mobilities  for  the  uninjected 
animal  are  given  for  comparison. 

The  concentrations  of  the  various  protein  components  were  calculated 
by  tracing  the  enlarged  electrophoresis  patterns  on  coordinate  paper 
and  determining  the  area  under  each  curve  by  counting  squares.  The 
curves   were   divided   by   a    straight   line   at   the  lowest   point  for   each 
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TABLE  1 

The  Effect  of  Varying  Amounts  of  Intravenously  Injected  Aureomycin 

on    the    Electrophoretic    Mobility    of    Rabbit    Serum    Proteins 


Cone.  Injected 

Mobility 

mg.  kg",  body 

Time  after  last 

u    x    105   cm. 

Vvolt 

-sec. 

weig-ht 

injection,  hours 

Albumin 

«i        a2 

P 

7 

Control 

Control 

6.5 

5.11 

3.3 

1.5 

10 

% 

6.1 

4.8 

3.3 

1.4 

10 

12 

6.4 

5.5      5.0 

3.3 

1.3 

Control 

Control 

6.1 

5.3      4.9 

3.1 

1.1 

20 

y2 

6.1 

4.8 

3.0 

1.2 

20 

12 

6.6 

5.7      5.2 

3.4 

1.8 

Control 

Control 

5.8 

4.3      3.7 

2.7 

1.2 

20 

V2 

5.7 

4.3      3.6 

2.6 

1.1 

20 

12 

6.0 

4.6      3.9 

2.7 

1.2 

Control 

Control 

6.0 

4.7 

3.4 

1.5 

40 

% 

6.5 

5.1 

3.4 

1.4 

40 

6% 

6.5 

5.1 

3.5 

1.3 

1  Where  only  one  value 
was  incomplete. 


is  given,  the  separation  of  the  two  components 


component  according  to  the  suggestion  of  Longsworth   (1).    Values  re- 
ported are  those  obtained  from  the  ascending  boundaries. 

In  Table  2,  the  values  for  the  concentration  of  the  various  protein 
components  in  rabbit  blood  serum  as  affected  by  various  concentrations 
and  times  after  injection  are  presented.  Values  for  the  uninjected  animal 
are  again  given  for  comparison. 

TABLE  2 

The  Effect  of  Varying  Amounts  of  Intravenously  Injected  Aureomycin 

on   the   Relative    Concentration   of   Rabbit   Serum   Proteins 


Per  cent 

Relat 

ive 

Cone.  Injected 

Co 

ncentration 

mg.  kg.  body 

Time  after  last 

Globul 

ins 

weight 

injection  hours 

Albumin 

a 

|3 

7 

Control 

Control 

63.6 

11.4 

16.4 

8.6 

10 

% 

62.7 

10.9 

17.5 

8.9 

10 

12 

61.4 

11.1 

17.0 

10.5 

Control 

Control 

62.4 

14.1 

14.4 

9.1 

20 

y2 

63.7 

13.1 

14.6 

8.6 

20 

12 

64.3 

12.7 

13.2 

9.S 

Control 

Control 

64.0 

12.8 

13.3 

9.9 

20 

% 

61.6 

12.9 

14.9 

7.1 

20 

12 

62.7 

14.1 

14.1 

9.1 

Control 

Control 

63.2 

12.1 

15.0 

9.7 

40 

y2 

64.0 

13.8 

14.6 

7.6 

40 

ey2 

64.5 

11.8 

16.8 

6.9 

Discussion 

The  average  values  obtained  in  the  present  study  for  the  mobilities 
of  the  various  components  of  rabbit  blood  serum  are:  albumin  6.2,  com- 
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bined  ai  and  a2  =  4.9,  a\  =  5.0,  tt2  =  4.4,  /3  =  3.1,  y  =  1.3.  Moore 
(3)  made  a  study  of  species  differences  in  serum  proteins  using  the 
electrophoretic  technique  and  barbiturate  buffer.  He  reports  the  follow- 
ing average  values  for  mobilities  of  rabbit  serum  proteins:  Albumin 
6.0  -  6.7,  ai  5.1  -  5.5,  a2  4.2  -  5.0,  j3  3.1  -  3.2,  y  1.2  -  1.3.  A  comparison 
of  the  two  sets  of  values  shows  that  the  results  obtained  in  the  present 
study  are  well  within  the  range  reported  by  Moore. 

The  average  of  all  values  for  the  percentage  composition  of  blood 
serum  proteins  of  normal  or  uninjected  rabbits  obtained  in  this  investi- 
gation is:  Albumin  63.1%,  a-globulin  13.0%,  /3-globulin  14.6%,  and 
7-globulin  9.1%.  This  is  based  on  results  from  19  animals.  Again  these 
values  are  close  to  reported  by  Moore  (3) :  Albumin  63  -  65%,  a-globulin 
10  -15%,  /3-globulin  11  -  13%,  and  7-globulin  10-14%.  It  will  be  noted 
that  our  value  for  the  7-globulin  component  is  lower  than  the  range 
reported  by  Moore.  This  is  thought  to  be  due  to  the  fact  that  all  the 
rabbits  used  in  this  study  were  6  months  of  age  or  younger  while  Moore 
obtained  his  results  from  older  or  mature  animals.  The  possibility  exists 
that  the  7-globulins  may  be  formed  from  the  proteins  of  the  /3-globulin 
fraction. 

Conclusion, 

A  comparison  of  the  average  percentages  of  the  various  components 
in  the  blood  serum  of  the  uninjected  animals  with  corresponding  values 
after  intravenous  injection  of  aureomycin  indicates  that  no  significant 
changes  have  taken  place  except  perhaps  a  lowering  in  the  7-globulin 
fraction  one-half  hour  after  injection  of  the  antibiotic.  This  change  is 
not  considered  as  highly  significant  of  a  change  in  the  total  pattern 
since  other  components  do  not  vary  more  than  0.5%. 
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The    Investigation   of   Unstable   Intermediates 
With  the  Aid  of  Infrared  Radiation 

Arlo  Moffat  and  Herschel  Hunt,  Purdue  University 

A  very  large  number  of  reactions  are  believed  to  proceed  through 
the  formation  of  unstable  intermediates.  Such  a  reaction  may  be  indi- 
cated generally  as 

A  +  BC  <=*  [A  •  •  •  BC]i  <=±  [A-B-C]2  ^±  [AB  •  •  •  C]3 

[AB  .  .  .  C]3  -»  AB  +  C  (1) 

where  [AB  .  .  .  C]i  represents  the  transition  state  before  the  unstable 
intermediate,  [A-B-C]2  is  formed  and  [AB  •  •  •  C]3  represents  the  transi- 
tion state  through  which  the  unstable  intermediate  must  pass  in  order 
to  form  the  products. 

One  type  of  reaction  represented  by  equation  (1)  is  the  SNa  reaction 


R 

R 

R 

B  + 
H  + 

H-C-A 

i 

H 
H2  ±± 

<=±   B  • 
H  .  .  . 

. .  C  •  • 

/\ 

H     H 

H  .  .  . 

.  A  -^  B-C-H 

i 

H 
H  _>  H2  +  H 

or 

the  hydrogen  reaction 

+  A 


(2) 
(3) 


H...H-.-H 


Reactior.  Coordinates 
Figure  1 


Eeactants/  / 


R-C®< 
OH 


\ 


Products 


Reaction  Coordinates 
Figure  2 


The  potential  energy  barrier  for  the  hydrogen  reactioni  is  known 
to  be  approximately  as  indicated  by  figure  1.  A  valley  of  2  to  2Y2 
kcal  in  depth  is  believed  to  occur  at  the  top  of  the  potential  energy 
barrier.!  Since  the  three  hydrogen  atoms  in  the  unstable  intermediate 
are  linear,  only  one  reaction  coordinate  is  necessary  for  describing  the 
direction  which  the  reaction  follows.  If  energy  could  be  selectively 
supplied  to  the  unstable  intermediate,  the  valley  at  the  top  of  the 
potential  energy  barrier  would  be  made  more  shallow  and  the  overall 
rate  of  the  reaction  should  remain  unchanged.  In  other  words  the  forward 
rate  constant  and  the  reverse  rate  constant  would  be  increased  pro- 
portionally by  the  same  amount. 
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A  different  and  more  interesting  example  of  equation  (1)  is  the 
alkaline  hydrolysis  of  esters  which  is  believed  to  proceed  by  the  follow- 
ing mechanism. 2 


RC02R 


OH 


© 


© 


R— C-OR' 


OH 


kt  ©     / 

+        R002H     ♦       OR 


0  very  fast 

OR     ♦     RC02H  -* 


RCO- 


© 


ROH 


This  type  of  reaction  differs  from  the  SN2  and  the  hydrogen  reactions 
in  that  two  reaction  coordinates  must  be  used  to  describe  the  potential 
energy  change  during  the  formation  and  decomposition  of  the  unstable 
intermediate. 


? 


© 


R-C-^OR' 
©OH 


These  two  reaction  coordinates  would  be  expected  to  have  an  angle  of 
approximately  109°  between  them  (see  figure  2).  Thus,  it  appears  that 
if  energy  could  be  specifically  introduced  into  bond  ®  or  ©,  the  overall 
reaction  could  be  speeded  up  or  slowed  down,  respectively.  If  these  two 
bonds  absorb  different  frequencies  in  the  infrared  region,  then  mono- 
chromatic infrared  radiation  might  serve  as  a  means  for  energizing 
each  bond  separately.  As  much  as  2  kcal  per  mole  could  be  supplied  to 
a  specific  bond  which  already  has  only  a  small  energy  barrier  to  over- 
come in  order  to  break  apart. 

It  should  be  pointed  out  that  the  ester  mechanism  was  used  only 
to  present  the  basic  idea  and  might  well  be  a  very  poor  system  to 
study  in  this  way. 

The  rate  constant  for  the  reaction  represented  by  equation  (4)  can 
be  expressed  as 


(=*=)> 


(5) 
If  ki  >>  k-2,  then  supplying  energy  to  bond  ®  would  have  no  apparent 
effect  upon  the  overall  reaction;  however,  supplying  energy  to  bond  ® 
would  increase  the  overall  rate  of  the  reaction.  If  k-2>>ki  then  supply- 
ing energy  to  bonds  ®  or  ©  individually  would  respectively  increase 
or  decrease  the  rate  of  formation  of  the  hydrolysis  products. 
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In  the  third  case  where  ki  =  k-2,  the  reaction  rate  would  be  affected 
by  the  introduction  of  energy  into  either  bond  ®  or  bond  ©.  However,  if 
equation  (5)  correctly  represents  the  overall  rate  constant  for  the 
hydrolysis  reaction,  then  the  most  ideal  case  for  detecting  whether 
selectively  introduced  energy  affects  the  reaction  rate  is  when  k-2  J>  ki. 

In  order  to  test  the  theory  presented  thus  far,  high  intensity 
monochromatic,  infrared  radiation  over  a  wide  frequency  range  would 
have  to  be  available.  The  reaction  media  would  have  to  be  chosen 
carefully  to  avoid  the  absorption  of  the  desired  radiation  by  the  reactants 
or  products.  It  is  also  possible  that  the  specific  bond  could  be  deactivated 
by  reemission  or  collision  before  bond  rupture  could  occur.3 

Even  though  the  experimental  difficulties  for  the  investigation  of  the 
energetics  of  unstable  intermediates  by  the  use  of  infrared  radiation 
appear  to  be  enormous,  it  is  very  interesting  that  such  an  investigation 
is  theoretically  possible  and  may  indeed  become  a  reality  in  the  very 
near  future. 
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Problems  in  Regulatory  Entomology.  John  J.  Favinger,  Indiana 
Department  of  Conservation. — Several  new  Japanese  beetle  infestations 
were  located  this  past  summer,  the  largest  of  which  affects  the  greater 
part  of  Lafayette.  Goshen,  Huntington,  Frankfort  and  Greenfield  are 
also  new  locations  for  this  pest.  An  extensive  soy  bean  cyst  nematode 
survey  found  no  evidence  of  infestation  in  Indiana.  A  small  infestation 
of  potato  rot  nematode,  Ditylenchus  destructor,  in  dahlia  tubers  is  be- 
lieved to  be  completely  eliminated.  This  is  the  first  record  of  this 
nematode  in  Indiana.  The  field  personnel  of  the  State  Entomologist's 
office  is  constantly  on  the  alert  for  other  pests  known  to  occur  in  the 
United  States  but  not  yet  found  in  Indiana.  White  fringed  beetle, 
European  chafer,  khapra  beetle,  gyspy  moth,  imported  fire  ant,  and 
witchweed  are  all  examples  of  such  pests. 

Preliminary  Survey  of  Plant  Parasitic  Nematodes  Found  in  Indiana. 

John  M.  Ferris  and  Glenn  B.  Bergeson,  Purdue  University. — Soil  and 
plant  samples  were  collected  in  Indiana  during  the  1958  growing  season 
and  were  examined  for  the  presence  of  plant  parasitic  nematodes.  Some 
of  the  nematode  genera  found  are  known  to  contain  important  plant 
parasitic  species.  These  include  Meloidogyne,  Pratylenchus,  Xiphinema 
and  Heterodera.  In  many  cases,  when  these  nematodes  are  present,  they 
must  be  controlled  in  order  to  obtain  a  commercially  profitable  yield 
from  a  particular  crop  plant.  Other  genera  present  in  the  state  are  of 
potential  importance,  but  the  extent  of  damage  they  cause  is  not  known. 
Work  is  in  progress  to  answer  this  question. 

Habitat  Segregation  as  a  Factor  in  Reducing  Interspecific  Competi- 
tion Among  Species  of  Laccophilus.  James  R.  Zimmerman,  Indiana  Cen- 
tral College. — As  many  as  four  species  of  the  aquatic  beetle  genus  Lacco- 
philus have  been  taken  in  the  same  ponds  in  Indiana.  These  predatory 
insects  are  presumed  to  be  competitive  to  some  degree.  Frequently  no 
difference  in  habitat  preference  can  be  detected,  but  collections  which 
were  made  in  late  summer  and  early  autumn  give  evidence  that  different 
parts  of  an  aquatic  situation  are  occupied  by  one  species  to  a  greater 
extent.  The  segregation  in  a  few  instances  was  shown  to  be  pronounced 
and  sharply  defined.  Differences  in  temperature  and  amount  of  vegeta- 
tion are  probably  two  physical  factors  that  influence  this. 

A  Technique  of  Growing  Wheat  Seedlings  in  Nutrient  Solutions  for 
Hessian  Fly  Race  Studies.  R.  L.  Gallun,  Entomology  Research  Division, 
U.S.D.A. — In  the  study  of  hessian  fly  races  a  technique  has  been  devel- 
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oped  for  an  efficient  and  inexpensive  method  of  growing  wheat  seedlings 
in  nutrient  solutions.  "Styrafoam"  plastic  blocks  8"  x  8"  x  1",  each  hold- 
ing 100  wheat  seedlings,  are  floated  on  the  surface  of  nutrient  solutions 
contained  in  Pyrex  baking  dishes  8%"  X  8%"  x  2".  The  wheat  seedlings 
are  inserted  in  spaced  %"  holes  bored  through  each  block  and  held  in 
place  by  plastic  plugs.  The  oxygen  requirement  of  the  primordial  root 
system  is  provided  by  inserting  the  base  of  the  wheat  seedling  xk" 
above  the  bottom  of  the  block.  Since  the  plastic  material  has  a  very 
low  specific  gravity  it  floats  on  the  surface  of  the  solution,  thereby 
providing  an  air  space  between  the  base  of  the  plant  and  the  surface 
of  the  solution.  All  Pyrex  dishes  are  painted  black  to  prevent  algae 
formation.  The  volume  of  nutrient  solution  can  be  maintained  by  ob- 
serving the  position  of  the  block  on  the  solution  and  replenishing  the 
supply  of  solutions  when  the  blocks  drop  below  a  preferred  level. 

Entomology  as  a  Business:    Its  Beginning  and  Future.   J.  J.  Davis, 

Purdue  University. — A  brief  history  of  entomology  is  reported  from 
biblical  times  through  its  evolution  into  a  science,  including  economic 
entomology,  largely  controlled  by  federal  and  state  agencies,  and  in- 
cluding biological  and  control  studies  to  enable  the  individual  to  prevent 
losses  to  crops  and  animals,  and  to  protect  health  of  humans  and  domestic 
animals.  These  early  studies  led  to  the  development  of  extension  ento- 
mology to  disseminate  and  demonstrate  the  knowledge  gained  through 
research,  and  likewise  the  development,  of  entomology  as  a  business, 
first  in  the  production  of  valuable  products,  such  as  honey,  beeswax 
and  silk,  and  later  to  control  pests,  since  there  has  been  an  increasing 
demand  for  service,  as  well  as  information  on  pest  control.  Entomology 
as  a  vocation  or  profession  is  only  about  100  years  old  and  pest  control 
as  a  service  or  business  is  only  about  25  years  old,  although  there  were 
commercial  pest  control  service  operators  a  century  ago.  During  these 
comparatively  few  years,  great  strides  and  progress  have  been  made, 
especially  because  of  increased  interest  by  educators.  Both  phases  of 
the  science  of  entomology  have  grown  tremendously  during  the  past 
hundred  years  and  the  future  of  both,  especially  entomology  as  a  busi- 
ness, is  great.  There  will  be  an  increasing  demand  for  college-trained 
men  and  women,  and  an  increasing  source  of  income.  For  these  reasons, 
Purdue  University  inaugurated  a  four-year  curriculum  especially  de- 
signed for  those  planning  to  go  into  insect  control  service.  Those  who 
have  thus  far  graduated  from  this  course  are  already  taking  their  place 
in  promoting  an  ethical  business. 

Preliminary  Experiments  on  Introducing  Systemic  Insecticides  into 
Fruit  Trees.  G.  E.  Marshall  and  J.  V.  Osmun,  Purdue  University. — 
Six  methods  of  applying  the  systemic  insecticides,  Systox  and  Thimet, 
in  fruit  trees  were  tested.  Three  methods  involved  modifications  of 
applying  the  chemicals  to  the  soil  beneath  trees  without  soil  injection; 
another  method  utilized  an  exposed  roots  dipping  method;  and  two 
applications  involved  methods  of  introducing  the  insecticides  into  the 
trunks.  Some  phytoresponses  were  noted  in  certain  tests.  Encouraging 
results  were  obtained  against  aphids  and  webworms,  and  treatments  in 
May  protected  trees  against  bronzing  by  mites  during  the  entire  season. 
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Observations  were  made  on  the  relative  rate  of  assimilation  after  pres- 
sure injection. 

Occurrence  of  Aedes  grossbecki  Dyer  and  Knab,  and  Aedes  aurifer 
(Coquillett)  in  Indiana.  R.  E.  Siverly,  Ball  State  Teacher's  College. — 
Larvae  of  Aedes  grossbecki  Dyar  and  Knab  were  recovered  from  a  wood- 
land pool  near  Muncie,  Indiana,  in  April,  1958.  Larvae  of  Aedes  aurifer 
(Coquillett)  were  also  collected  in  early  April  from  a  bog  near  Muncie. 
Larvae  of  both  species  were  reared  to  adults  and  identifications  were 
verified.  So  far  as  it  is  known,  these  collections  constitute  new  state 
records  for  both  species.  Larvae  of  Aedes  aurifer  were  taken  from  water 
that  was  quite  cold.  Adults  are  reported  to  be  daytime  biters.  This 
may  be  an  important  pest  species  in  certain  areas  within  the  state  in 
early  spring. 

Adults  of  Tobacco  and  Tomato  Hornworms  Collected  with  Survey 
Traps  in  Indiana  in  1953-58.  Howard  0.  Deay,  Purdue  University.— 
Unidirectional  light  traps  each  equipped  with  a  15-watt  BL  lamp  were 
operated  in  several  localities  in  Indiana  during  the  seasons  of  1953-58. 
The  numbers  of  Protoparee  sexta  and  P.  quinquemaculata  taken  varied 
from  locality  to  locality  in  the  same  season  and  from  year  to  year  in 
the  same  locality.  Larger  numbers  of  both  species  were  taken  in  south- 
ern than  in  northern  Indiana. 

Studies  on  Sitotroga  cerealella  (Olivier)   (Angoumois  Grain  Moth). 

Nitty  Nair,  Purdue  University. — The  Angoumois  grain  moth,  Sitotroga 
cerealella  (Olivier)  is  becoming  increasingly  important  as  a  pest  affecting 
the  production  of  corn  in  Indiana.  Ecological  investigations  under  cli- 
matic conditions  of  Indiana  indicate  that  during  daytime  the  moths  are 
inactive  and  vary  in  number,  being  scarce  during  the  hottest  and  windiest 
periods,  or  when  it  is  rainy.  At  other  times  of  the  day  or  during  twi- 
light, the  moths  are  more  active.  Maximum  activity  occurs  during  dusk. 
Flight  of  the  moth  is  weak  and  irregular.  Observations  indicate  that 
moths  flying  near  the  corn  ears  are  mostly  females.  This  behavior 
seems  to  be  influenced  by  oviposition  stimulus.  It  was  observed  that 
adult  moths  are  able  to  fly  considerable  distance.  Dispersal  of  the  moth 
shows  interesting  distribution  pattern.  Field  and  laboratory  studies 
indicate  no  regular  oviposition  patterns.  Study  of  the  biology  of  the 
moth  indicates  that  females  may  lay  about  350  eggs.  Minimum  life 
cycle  occupies  about  34  days.  Field  observations  show  that  the  para- 
sites of  the  moth  are  never  abundant  enough  to  play  an  important  part 
in  the  control  of  the  moth. 


Recently  Discovered  Insect  Pests  of  Ornamentals  in  Indiana1 

Donald  L.  Schuder,  Purdue  University 

A  number  of  insect  pests  of  ornamental  trees  and  shrubs  have 
been  found  in  Indiana  during  the  past  year  which  are  either  new  to 
the  state  or  are  causing  a  type  of  injury  not  previously  reported.  The 
purpose  of  this  paper  is  to  call  attention  to  these  pests  and  publicize 
their  presence  in  the  state.  Several  of  these  insects  are  capable  of 
causing  serious  economic  damage.  These  new  pests  are  the  birch  leaf 
miner,  Fenusa  pusilla  (Lep.)  ;  the  southern  pine  engraver,  Ips  grandi- 
collis  (Erch.)  ;  the  strawberry  root  weevil,  Braehyrhinns  ovatus  (L.)  ; 
the  balsam  twig  aphid,  Mindarus  abietinus  Koch;  a  soft  scale,  Pulvinaria 
ericicola  McConnell;  the  southern  red  mite,  Oligonychus  ilicis  (McG.)  ; 
the  cyclamen  mite,  Steneotarsonemus  pallidus  Banks;  and  the  Judas  tree 
leafhopper,  Erythroneura  aclys  McAtee. 

The  birch  leaf  miner,  Fenusa  pusilla  (Lep.),  was  found  infesting 
native  and  introduced  ornamental  birch  trees  in  St.  Joseph  and  Pulaski 
Counties  by  the  writer.  This  is  the  first  time  the  insect  has  been 
reported  from  Indiana  although  the  insect  has  been  reported  from  the 
eastern  and  northern  states  (7,  8). 

The  larval  stage  of  this  sawfly  which  is  whitish,  rather  flat  with 
black  spots  on  ventral  side  of  the  thorax  and  abdomen,  produces  blotch 
mines  in  the  leaves  of  birch  (figure  3).  When  the  larvae  are  mature, 
they  drop  to  the  soil  and  pupate  therein  over  winter.  The  adults  are 
black.  Those  of  the  first  generation  emerge  in  early  May  about  the 
time  the  leaves  are  half -developed.  There  are  three  generations  a  year 
with  the  larvae  infesting  newly  developed  leaves.  The  first  brood  is 
usually  the  most  severe  when  all  of  the  leaves  are  new.  The  second 
and  third  generations  usually  infest  the  terminal  foliage  or  watersprouts. 

The  birch  leaf  miner  can  be  controlled  by  spraying  in  May  when 
the  adults  are  laying  eggs.  Excellent  control  has  been  obtained  using 
lindane  or  malathion  (7,  8).  A  second  and  third  application  should  be 
made  the  first  of  July  and  the  middle  of  August  for  succeeding  gen- 
erations. 

The  southern  pine  engraver,  Ips  grandicollis  (Erch.)  was  discovered 
heavily  infesting  Scotch  pine  slash  in  LaPorte  County  in  August  by 
the  writer.  The  insect  has  been  previously  reported  from  Indiana  by 
B.  E.  Montgomery,  but  this  infestation  was  so  heavy  that  it  could  indi- 
cate an  incipient  outbreak  and  is  worthy  of  further  attention. 

The  southern  pine  engraver  is  a  small,  reddish  brown  to  black,  bark 
beetle  about  3  to  3.8  mm  in  length.  It  is  easily  distinguished  from 
related  species  by  the  presence  of  five  teeth  on  each  side  of  the  declivity 
at  the  end  of  the  abdomen.  This  bark  beetle  usually  attacks  the  trunk 
of  saplings   or  the   upper  trunk   and   limbs   of  more  mature  trees   and 


1  Purdue  University  Agricultural  Experiment  Station  Journal  Paper  No. 
1368. 
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may  attack  any  species  of  pine  in  its  range  if  they  are  weakened. 
Bark  beetles  are  frequently  attracted  into  an  area  by  the  odor  of  freshly 
cut  pine,  and  then  may  build  up  in  population  and  attack  healthy  pines. 

The  gallery  is  of  the  radiate  type  with  two  to  five  tunnels  radiating 
from  a  central  nuptial  chamber.  The  tunnels  may  extend  for  two  or 
three  inches.  The  eggs  are  laid  in  niches  along  the  side  of  the  tunnel. 
A  generation  may  be  completed  in  about  40  days  with  two  to  five  gen- 
erations possible  per  season.  They  usually  winter  as  adults. 

The  insects  can  be  controlled  in  ornamental  plantings  by  cutting 
down  and  burning  infested  trees.  Uninfested  trees  can  be  protected 
by  spraying  the  bark  surface  with  BHC  or  lindane  using  a  strength  of 
Vz  to  1  percent  of  the  actual  chemical  (3). 

The  strawberry  root  weevil,  Brachyryinus  ovatus  (L.),  (figure  1) 
was  found  killing  branches  of  Waukegan  juniper  at  West  Lafayette  by 
the  writer.  This  insect  is  present  throughout  the  northern  United  States 
where  it  attacks  many  different  species.  The  adults  are  almost  black, 
striated  and  about  V±  inch  long.  The  larvae  are  white,  legless,  curved 
grubs  which  live  in  the  soil  and  feed  on  the  roots.  The  insect  may  winter 
as  an  adult  or  as  a  larva  deep  in  the  soil.  The  most  conspicuous  injury 
is  caused  by  the  adult's  girdling  of  terminal  branches.  These  branches 
turn  brown  and  make  the  plant  unsightly. 

The  insect  may  be  controlled  by  spraying  the  soil  in  mid-June  with 
chlordane,  aldrin,  heptachlor  or  dieldrin  (9). 

The  balsam  twig  aphid,  Mindarus  abietinus  Koch,  (figure  5)  was 
collected  on  Douglas  fir  by  Frank  L.  Madinger  of  the  State  Entomol- 
ogist's Office.  This  greenish  aphid  is  covered  with  a  whitish  wax.  In 
eastern  states  it  is  prevalent  on  young  shoots  of  white  and  balsam 
spruce.  It  also  attacks  fir.  Heavy  infestations  defoliate  the  trees  and 
severely  injured  twigs  become  stunted,  distorted  and  eventually  die. 
Coccinellid  and  syrphid  larvae  prey  quite  heavily  on  the  aphids. 

Both  lindane  and  40  percent  nicotine  sulphate  are  effective  against 
the  balsam  twig  aphid  (4). 

A  soft  scale  which  has  no  common  name,  Pulvinaria  ericicola  Mc- 
Connell,  (figure  2)  was  found  infesting  an  old  established  planting  of 
rhododendrons  at  Valparaiso  by  Palmer  Mart  of  the  State  Entomologist's 
Office.  It  has  been  collected  from  the  native  Rhododendron  nudiflorum, 
from  Mollis  and  Kaempferi  hybrids  and  Kurumes  in  cultivation.  The 
insects  usually  are  found  near  the  base  of  the  plant,  but  when  the 
infestation  is  heavy,  the  presence  of  the  white  ovisacs  make  the  plant 
appear  white.  The  ovisac  is  xk  to  %  inch  in  length.  There  is  one 
generation  annually  and  the  scale  overwinters  as  a  partially  grown 
fertilized  female.  The  formation  of  the  ovisac  and  the  production  of 
eggs  begins  in  early  June. 

This  scale  insect  can  be  controlled  by  spraying  with  2  percent 
summer  oil  in  mid- July  and  early  August  (5). 

The  Judas  tree  leafhopper,  Erythroneura  aclys  McAtee,  was  found 
in  large  numbers  at  Columbus  and  Plymouth  in  August  by  the  writer 
and  by  inspectors  of  the  State  Entomologist's  Office.  Nearly  every  leaf 
had  turned   white   from   the   feeding   of  both   the   nymphs   and   adults. 
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Figure.   1.      The  strawberry  root  weevil  adult,  2%   times  larger  than  normal 

size. 
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The  insect  overwinters  as  an  adult.  The  eggs  are  laid  in  the  tissue  of 
the  lower  leaf  surface.  There  are  five  nymphal  stages.  Nymphs  and 
adults   are   present   on   the   foliage   through   mid-September    (6). 

DDT  sprays  are  effective  against  leafhoppers  and  probably  would 
work  against  this  species. 

The  southern  red  mite,  Oligonychus  ilicis  (McG.),  (figure  4)  a 
severe  pest  of  hollies  in  the  southern  United  States  has  been  found 
infesting  Ilex  crenata  f.  convexa.  This  variety  and  /.  opaca  are  both 
very  susceptible  to  attack  by  this  mite.  The  mites  injure  the  plant 
by  sucking  out  the  plant  juices.  This  feeding  causes  grayish-green  spots 
on  the  foliage  and  the  entire  plant  appears  gray  when  heavily  infested. 
Heavy  infestation  also  reduces  the  size  of  the  leaves  and  shortens  the 
growth. 

The  mites  are  about  l/50th  of  an  inch  long,  oval  and  dark  red  in 
color.  The  younger  mites  are  a  brighter  red.  The  eggs  are  round, 
slightly  flattened  and  red  in  color.  Overwintering  eggs  appear  slightly 
striated  and  bear  a  slender  stalk  on  the  top.  They  are  located  on  the 
underneath  side  of  the  leaf.  Hatching  begins  in  early  spring,  about 
the  time  growth  commences.  Development  is  slow  and  the  mites  migrate 
to  new  growth  in  late  May  and  early  June.  There  are  five  or  six 
generations  annually. 

Commercial  miticides  such  as  Aramite,  Ovex,  Chlorobenzilate  and 
Dimite,  are  effective  against  this  mite.  Delayed  dormant  sprays  of  a 
superior  type  dormant  oil  in  2  to  5  percent  concentrations  as  a  mist 
application  have  been  highly  effective  in  commercial  holly  orchards  (2). 

The  cyclamen  mite,  Steneotarsonemus  pallidas  Banks,  was  found 
distorting  the  foliage  of  myrtle  at  Lafayette  and  was  determined  to 
species  by  Earle  A.  Cross.  This  mite  is  common  in  greenhouses  and 
homes  on  African  violets,  but  has  not  been  reported  causing  damage 
to  myrtle  out  of  doors  in  Indiana. 

The  young  cyclamen  mite,  too  small  to  be  seen  with  the  naked  eye, 
is  glossy  white,  while  the  adults  are  a  pale  brown.  This  is  a  cool 
weather  mite  and  is  most  troublesome  in  early  spring  and  late  fall, 
but  seldom  causes  damage  in  the  heat  of  mid-summer. 

Sprays  of  Dimite  or  Endrin  started  early  in  the  spring  should  be 
effective  (1). 
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Figure  2.     A   soft   scale,   Pulvinaria   ericicola  McConnell,   which   infests   rho- 
dodendrons, 2V2  times  larger  than  normal  size. 
Figure   3.     Blotch   mines   in   birch   foliage   caused   by   the  birch   leaf   miner, 

Fenusa  pusilla  (Lep.),  y2  normal  size. 
Figure  4.     Injury  to  holly  by  the  southern  red  mite,  Oligonychus  ilicis  (McG). 

Note  the  egg  cases  on  the  ventral  side  of  the  leaves,  three  times  normal  size. 

Figure   5.     Balsam   twig   aphid,   Mindarus   abietinus   Koch,    on   the   leaves   of 

Douglas  fir,  2%  times  normal  size. 
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Records  of  Indiana  Coleoptera,  II 

N.  M.  Down  ie,  Purdue  University 

In  an  earlier  paper,  the  writer  (3)  presented  a  list  of  75  species 
of  Coleoptera  which  were  not  listed  in  Blatchley's  Coleoptera  of  Indi- 
ana, (1).  The  present  paper  contains  an  additional  list  of  68  species  not 
recorded  in  Blatchley's  book  or  in  the  companion  volume  (2).  Many 
of  the  species  mentioned  in  this  list  were  identified  by  using  the  above- 
mentioned  volumes.  Mr.  C.  A.  Frost  of  Framingham,  Mass.,  examined 
and  named  some  of  the  species.  Mr.  David  Kissinger  of  Huntsville, 
Alabama  and  Mr.  Elbert  Sleeper  of  Long  Beach,  California  identified 
certain  of  the  weevils. 

In  the  list  which  follows  the  months  are  abbreviated  Ap.,  M.,  Je., 
Jl.,  Au.,  S.,  and  0.  Also  Tippecanoe  County  is  noted  as  T.,  Bartholomew 
as  B.,  Parke  Co.,  as  P.,  and  the  sand  dunes  of  Porter  County  as  SD. 
The  numbers  and  the  nomenclature  of  Leng's  Catalog  and  supplements 
(4)  are  used  throughout.  Species  not  noted  as  occurring  in  Indiana  in 
either  of  the  Blatchley  volumes  are  marked  with  an  asterisk  (*). 

CARABIDAE 

*230  Elaphrus  riparius  L T;  Ap,  S,  O,  Nov. 

333  Dyschirius   terminatus   Lee T ;  Ap. 

*1430  Triaena  pallipes  Kby T;  Je. 

*1601  Perigona  nigriceps   (Dej.) T;  O. 

1657  Lebia  rhodopus  Sis T;   Jl. 

*2079  Triplectrus    dulcicollis    Laf SD;    Je. 

2156  Episcopellus  autumnalis  (Say)    SD;  Je. 

HYDROPHIDIDAE 

*2868     Sphaeridium  bipustulatum  F Putnam;  Jl. 

*2874     Cercyon  quisquilius  (L.) T;  Ap.;  Putnam;  Jl. 

STAPHYLINIDAE 

*3335     Trigonodemus  striatus  Lee P;  Nov. 

*3387     Omalium   rivulare    (Payk.) T;    Nov. 

*19349     Philonthus  tetragonocephalus  Notm T;  O. 

SCAPHIDIIDAE 
*6484     Cyparium  concolor  (F.) T;  S. 

HISTERIDAE 

6659     Platysoma  coarctatus  Lee T ;  Ap. 

*6676     Phelister  acneomicans  Horn T;   S 

MELYRIDAE 
*7197     Collops  vicarius  Fall Lake  Co.,  Jl. 

MORDELLIDAE 
*7806     Tomoxia  inclusa  Lee T;  Jl. 

7819      Tomoxia  serval   (Say) T;  Je-Au. 

7818     Mordella  lunulata  Helm T;   M-Jl. 

*7862     Mordellistena  tosta  Lee T;  Je,  Jl. 

7881     Mordellistena  ruficeps  Lee T;  Jl. 

*7926     Mordellistena  discolor  (Melsh.) T;  Jl. 
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pythidae 

8217     Cariderus  viridaeneus  Rand T;  Jl,  on  basswood. 

ANTHICIDAE 
*8347     Anthicus  formicarius  Laf T;  Ap. 

EUGLENIDAE 
*8481     Zonantes  subfasciatus   (Lee.) T;  S,  on  oak. 

ELATERIDAE 

8940     Ampedus  verticinus  Beauv T;  M. 

*S96S     Ampedus  luctuosus   (Lee.) T;  Je. 

MELASIDAE 

*9145     Dromaeolus  pusillus  Horn T;   Jl. 

*9146     Fornax  badius   (Melsh.) T;  Jl. 

BUPRESTIDAE 

*9334     Dicerca  caudata  Lee T;  M-Je;  apple,  Crataegus 

*9343     Dicerca  lepida  Lee T;  M. 

*9379     Xenorhipis  brendeli  Lee T;  An. 

*9484     Actenodes  flexicaulls  Schffr T;   Je-Jl. 

DERMESTIDAE 
*9735     Dermestes  nidum  Arrow P;  Ap. 

NITIDULIDAE 
*10026     Meligethes  seminulum  Lee T;  M,  on  Crataegus 

RHIZOPHAGIDAE 
*10152     Rhizophagus  remotus  Lee T;  Je 

monotomidae 

10167     Monotonia  parallcla  Lee T;   O. 

*10176     Hesperobaenus  rufipes  Lee P,  Nov. 

MYCETOPHAGIDAE 

*  1051 4     Litargus   nubulosus   Lee T;    O. 

LATHRIDIIDAE 
*10646     Enicmus  aterrimus  Mots T;  An. 

COCCINELLIDAE 

*11077     Scymnus  punctatus  Melsh T;   S. 

*11079      Scymnus  nanus  Lee T;  S. 

tenebrionidae 

12366     Doliema  pallida  Say P;  Ap. 

MELANDRYIDAE 
*12532     EustropMnus  bruuneimarginatus  (Dury) T;  Au. 

ptinidae 

*12625     Ptinus  bimaculatus  Melsh T;  S. 

BOSTRICHIDAE 

*12921     Rhizopertha  dominica   (F.) T;  Mar,  Je. 

CISIDAE 
12992     Orthocis  punctata    (Mell.) T;  Au. 

CERAMBYCIDAE 

*  1469 6     Xylotrechns  convergent  Lee T;  Je. 

*15072     Eupogonius  subarmatus  (Lee.) T;  Je-Jl. 

*15120     Saperda  fayi  Bland T;  Je. 
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CHRYSOMELIDAE 

*15413     Pachybrachys  roboris  F T;   Je-Jl. 

*15415     Pachybrachys  relictus  Fall T;  Je. 

*15433     Pachybrachys  obsoletus   Suffr T;   Je-Jl. 

*15626b  Paria  canella  gilvipes  Horn T;  M,  S. 

*20192      Galerucella  cribrata  (Lee.) T;  Je-Jl;  P;  M. 

ANTHRIBIDAE 

16275  Eusphyrus  walshii  Lee T;  Jl. 

16279  Eurymycter  fasciatus  Oliv T;  Je-Au. 

16282  Goniocleonus  bimaculatus   (Oliv.) T;  M-Jl. 

*16284  Allandrus  bifasciatus  Lee T;  Je-Au;  common  on  basswood 

16288  Piezocorynus  dispar  Gyll T;  Je-Au;  common  on  maple 

*16289  Piezocorynus  virginicus  Leng- T;  Jl-S;  common  on  oak 

16290  Piezocorynus  mixtus  Lee T;  Je-Jl. 

*16291  Piezocorynus  moestus  J.  E.  Lee T;  Jl. 

16293  Anthribus  cornutus   Say T;   M-Je. 

16303  Brachytarsus  alternatus   (Say) T;  Je-Au;  common 

CURCULIONIDAE 

16362     Rhynchites  perplcxus  Blatch T;  Je 

16376     Avion  impunctistriatum  Sm T;  M-Je;  common 

16384     Apion  robustum  Sm T;  Je 

16439     Apion  porcatum  Boh T;  M-Je;  on  black  locust 

*  Apion  reconditum  Gyll T;  Je-Jl. 

*  Apion  longirostris  Oliv T;  M-Jl,  on  hollyhock 

*21450     Calomycterus  setarius  Roelofs T;  Jl. 

*16576     Panscopus  erinaceus  Say T;  Je. 

*16635     Hormorus  undulatus  Uhler T;  M-Je. 

*16658a  Pantomorus  tesselatus  pallidus  (Say) T;  Je-Aug;  common 

*16764     Phytonomus  meles  (F.) T;  Jl. 

16765  Phytonomus  nigrirostris    (F.) T;  Ap-Je. 

16917  Dorytomus  squamosus  Lee T;  M-Je. 

*16923  Notaris  bimaculatus  F SD,  Je. 

16931  Smicronyx  amoenus  Say T;  Je-Jl,  common 

17060  Thysanocnemis  bischoffi  Blatch T;  Jl-Au. 

17118  Myrmex  myrmex  Hbst T;  Je-Jl. 

17156  Curculio  caryae  Horn T;  Au-S;  on  hickory 

17161  Curculio  confusor  Ham T;  Je. 

*17170  Curculio  strictus  Csy T;  S. 

*17203  Anthonomus  rubidus  Lee T;  Je. 

17212  Anthonomus  haemotopus  Boh T;   Ap-M. 

*20277  Gymnetron  aniirrhyini  Payk T;  Jl. 

17414  Lixus  marginatus  Say B;  Jl. 

17415  Lixus  musculus  Say T;  Jl. 

*17443  Laemosaccus  plagiatus   (F.) T;  Jl-Au. 

17446     Baris  striata  (Say) T;  Je. 

*17505     Baris  scolopacea  Germ T;  M. 

17518     Glyptobaris  rugicollis    (Lee.) T;   M-Jl. 

17542     Madarellus  undulatus   (Say) P;  Ap-M. 

17750     Ampeloglypter  ater  Lee T;  Je. 

17552     Ampeloglypter  sesotris  (Lee.) T;  Ap,  S. 

*17582b  Geraeus  grisescens  Csy T;  Ap-Jl;  common 

17634     Limnobaris  confusa  Boh T;  Je. 

17651  Idiostethus  tubulatus  Say T;  Ap-M;  common 

17652  Idiostethus  subcalvus  (Lee.) T;  Ap-M;  very  common 

17671     Catapastus  conspersus  (Lee.) T;  Je-S. 

17677     Barinus  squamolineatus  Csy T;  M. 

17688     Eunyssobia  echidna  Lee T;  Jl. 

*Ceutorhynchus  erysimi  (F.) T;  Je;  on  oak 

*17856     Conotrachelus  afflnis  Boh T;  M-Je;  B;  Je. 

17872     Conotrachelus  naso  Lee T;  M. 

*  Conotrachelus  recessus  Csy (  =  17883),  T;  M-Jl;  SD,  Je. 
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17887  Conotrachelus  cribricollis  Say T;  Je-O;  SD;  Je. 

*17901  Rhyssematus  aequalis  Horn T;  Je. 

17939  Acalles  carinatus  Lee T;  Je-S. 

17972  Cryptorhynchus  pumilus  Boh T;  M,  Au. 

17980  Cryptorhynchus  obtentus   (Hbst.) T;  Je-S;  common 

18006  Acamptus  rigidus  Lee T;  Je. 

*18119  Calendra  soltauii  (Chitt.) SD;  Je. 

18131  Calendra  destructor  (Chitt.) SD;  Je;  T;  M. 

SCOLYTIDAE 

18170     Scolytus  muticus  Say T;  Je-Jl. 

*18173     Scolytus  multistriatus  Marsh T;  very  common 

*18186     Cnesinus  strigicollis  Lee T;  Je. 

18255     Hylastinus  obscurus  Marsh T;  M. 
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Preliminary  Studies  of  the  Composition  of  Some  Indiana  Nectars1 

B.  Elwood  Montgomery,  Purdue  University 

According  to  Bailey,  Fieger  and  Oertel  (1954),  Bonnier  (1878)  was 
the  first  worker  to  make  any  extensive  study  of  the  influence  of  external 
factors  upon  nectar  secretion.  However,  Park  (1929)  indicates  that 
Planta  (1886),  in  Switzerland,  made  the  first  accurate  analyses  of  the 
composition  of  nectar  when  he  determined  the  sugar  content  of  fresh 
nectar  from  the  flowers  of  four  plants,  all  greenhouse  or  garden  orna- 
mentals : 

Fritillaria  imperalis   (Crown  imperial)  6.6% 

Tecowia  radicans  (Trumpet  creeper)  15.3% 

Protect  mellifera  17.1% 

Hoy  a  carnosa  (Wax  plant)  40.6% 

Investigations  by  many  workers  indicate  that  the  nectar  of  different 
flowers  varies  in  the  content  of  water,  sugars,  minerals,  proteins  and 
other  substances  (Eckert  and  Allinger,  1939).  However,  sugars  com- 
prise about  99  per  cent  of  the  solids  in  nectar  (Caillas,  1926;  Beutler, 
1930),  and  the  chief  variation  in  the  composition  of  nectar  involves  the 
relative  amounts  of  sugars  and  water.  Shuel  and  Pedersen  (1952)  have 
summarized  the  literature,  showing  that  nectar  yield  and  composition 
varies  not  only  from  plant  species  to  species  but  also  with  such  environ- 
mental factors  as  atmospheric  pressure,  sunlight,  moisture,  physical  and 
chemical  properties  of  the  soil  and  temperature. 

The  influence  of  this  variation  in  nectar  yield  and  composition 
upon  flower  visitation  by  bees  with  the  concomitant  pollination  resulting 
in  seed  or  fruit  production,  was  indicated  by  Vansell  (1942):  "bees 
shift  their  activities  from  blossoms  of  low  concentrations  to  those  with 
higher  sugar  concentrations,  even  within  the  course  of  a  day."  How- 
ever, these  shifts  are  tempered  by  the  fidelity  of  bees  to  plant  species 
and  limited  area,  even  to  a  single  bush  or  an  area  of  a  few  square 
yards,  (Park  1949)  and  probably  by  preference  for  various  sugars  which 
occur  in  nectar  (Wykes  1952)  or  for  a  particular  type  of  flower  structure. 

The  potential  honey  production  within  any  area  is  determined  by 
the  composition  of  the  nectar  available  and  may  be  influenced  by  the 
habits  of  bees  in  their  preference  and  constancy  to  a  particular  kind 
of  flower,  when  because  of  inherent  characteristic  or  environmental  fac- 
tors the  sugar  content  of  its  nectar  is  low.  Park  (1949)  has  shown 
that  it  requires  262  calories  of  heat  to  evaporate  one  pound  of  water 
at  95°  F.,  the  approximate  temperature  of  the  bee  hive,  and  that  if  all 
this  energy  were  supplied  by  the  colony  1/6  of  a  pound  of  honey  would 
be  consumed.  However,  Ribbands  (1953)  found  "by  feeding  large  quan- 
tities of  concentrated   and   dilute   syrup,  that  the   evaporation  of  each 


1  Purdue  University  Agricultural  Experiment  Station  Journal  Paper  No. 
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1  lb.  surplus  water  involved  the  wastage  of  4-5  oz.  sugar."  As  honey 
is  approximately  4/5  sugar,  this  is  the  equivalent  of  1/3  or  more  of 
a  pound  of  honey.  Thus,  the  production  of  honey  from  nectar  of  20 
per  cent  sugar  would  require  the  bees  to  gather  four  pounds  of  nectar 
for  each  pound  of  honey  produced.  From  this  amount  of  nectar  three 
pounds  of  water  must  be  removed,  requiring  the  use  of  a  pound  of 
honey  for  this  process  alone!  The  production  of  a  pound  of  honey 
from  nectar  of  30  per  cent  sugar  content  requires  the  energy  equivalent 
of  5/9  of  a  pound  of  honey  for  the  evaporation  of  water  only,  rendering 
it  necessary  for  the  bees  to  handle  six  pounds  of  nectar.  It  appears 
likely  that  the  extra  labor  involved  in  the  gathering  of  such  a  quantity 
requires  enough  extra  energy  that  the  bees  are  wasting  their  time 
and  labor  in  gathering  nectar  of  30  per  cent  sugar  content  for  honey 
production,  and  that  the  collection  of  nectar  with  less  sugar  consumes 
honey  already  in  the  hive  or  being  produced  from  richer  nectar  coming 
into  the  hive  simultaneously. 

Because  of  the  importance  of  the  quantity  and  quality  of  available 
nectar  both  to  honey  production  and  the  pollination  of  plant  crops, 
research  on  nectar  available  for  honey  production  in  Indiana  has  been 
initiated.  This  research  involves  the  study  of  the  quantity  and  quality 
of  nectar  and  the  variation  due  to  plant  species  and  clone  and  environ- 
mental factors.  Preliminary  studies  during  the  past  summer  have  been 
confined  to  the  determination  of  total  sugar  content  of  the  nectar 
gathered  by  bees  from  plants  in  the  open. 

Comparatively  few  investigations  of  the  sugar  content  of  the 
nectar  of  plants  comprising  the  honey  flora  have  been  reported.  Vansell 
(1942)  gave  the  average  sugar  concentrations  of  the  nectar  of  96 
California  and  Oregon  plants,  "collected  during  a  number  of  seasons 
and  from  many  locations."  These  data  are  widely  quoted,  but  the 
known  variations  in  nectar  composition  due  to  environmental  factors 
render  them  somewhat  invalid  for  other  areas. 

The  data  summarized  here  were  obtained  from  the  examination  of 
2023  bees  of  which  1093  had  gathered  enough  nectar  to  analyze  by  the 
use  of  a  low  range  hand  refractometer.  Thirty-eight  species  of  plants 
are  included,  with  from  one  to  153  nectar  samples.  The  bees  were 
taken  directly  from  flowers  by  means  of  a  vacuum  bottle,  usually  as 
part  of  a  collection  of  all  insects  working  the  flowers.  The  insects  were 
killed  when  the  collection  was  completed  by  the  substitution  of  a  cork 
containing  a  vial  loaded  with  sodium  cyanide  for  the  vacuum  apparatus. 
The  honey  bees  were  separated  from  the  other  anthophilous  insects 
and  dissected  for  nectar  analysis,  either  immediately  or  within  a  few 
hours.  It  was  determined  that  no  change  occurred  in  the  nectar  carried 
by  the  bees  for  a  considerable  time  (42  hours),  by  analyzing  portions 
of  collections  over  a  period  up  to  24  hours,  and  finally  after  18  and 
42  hours.  The  collection  from  Eupatoriwm  altissimum  was  divided  and 
analyzed  after  18  hours,  showing  a  range  of  34.5  to  50.0  with  an  average 
of  44.37  per  cent  sugar,  and  after  42  hours,  with  a  range  of  35.8  to 
55.8,  and  an  average  of  44.94  per  cent. 

In  making  the  analysis,  a  bee  was  dissected  by  grasping  the  thorax 
between   the   thumb   and   a   finger   of  the   left   hand   and   the   posterior 
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half  of  the  abdomen  between  the  thumb  and  finger  of  the  right  hand 
and  pulling  gently  but  steadily.  The  abdomen  usually  separated  between 
two  of  the  three  anterior  segments,  exposing  the  honey  sac  attached 
to  the  anterior  portion  of  the  bee.  The  digestive  tract  usually  broke 
just  posterior  to  the  proventriculus  leaving  the  honey  sac  intact.  The 
honey  sac  with  its  contents  still  undisturbed  was  removed  and  transferred 
to  the  surface  of  the  prism  of  the  refractometer  by  seizing  the  oesopha- 
gus just  in  front  of  the  sac  with  a  pair  of  forceps.  After  it  was  in 
place  the  sac  was  ruptured  with  a  point  of  the  forceps,  or  a  dissecting 
needle.  This  permitted  the  nectar  to  flow  onto  the  surface  of  the  prism, 
after  which  the  crumpled  tissue  of  the  honey  sac  and  adhering  oesopha- 
gus were  removed,  the  cover  of  the  refractometer  closed  and  the 
reading  taken  immediately.  Although  the  reading  of  the  refractometer 
indicates  total  solids,  the  only  corrections  made  were  for  temperature 
(taken  directly  from  a  correction  thermometer  mounted  on  the  instru- 
ment), since  sugar  makes  up  almost  99  per  cent  of  the  solids  in  nectar. 

Some  of  the  bees  collected  from  the  flowers  of  all  plant  species 
sampled,  except  Salix  discolor  ("Pussy"  willow),  Cucumis  sativus  (Cu- 
cumber) and  most  collections  from  Citrullus  vulgaris  (Watermelon),  con- 
tained enough  nectar  for  analysis.  However,  the  number  without  nectar 
varied  from  all  in  these  collections  to  none  in  one  collection  from  Meli- 
lotus  officinalis  (yellow  sweet  clover).  No  correlation  between  these 
numbers  and  the  percentage  of  sugar,  pollen  collecting  or  other  observed 
factor  can  be  found. 

For  each  collection  the  date,  county,  number  of  bees — collected  and 
without  nectar,  and  the  range  and  average  of  the  sugar  content  of 
nectar  are  given.  The  range  within  each  collection  may  be  due  to 
inherent  differences  in  clumps  or  individual  plants,  age  of  flowers,  and 
other  real  factors  rather  than  random  variation.  Individual  samples 
obviously  out  of  range,  or  of  differently  colored  nectar,  were  not  included 
in  the  calculations,  but  are  indicated  by  footnotes.  Four  collections 
analyzed  in   1957  are   indicated  by  an  asterisk    (*)    following  the  date. 


TABLE  I 

Sugar    concentrations    of   the   nectars    of   some    Indiana    plants 

No.  of  bees  Sugar  content 

total  without  (percentages) 


Plant  Species 

Dt 

ite 

County 

nectar 

Low 

High 

Ave. 

Polygonum 

virginianum 

Oct. 

3 

Posey 

48 

18 

45.3 

56.3 

51.3 

Polygonum  spp. 

Aug. 

27 

Tippecanoe 

16 

11 

37.1 

46.6 

42.0 

Sep. 

4 

" 

20 

4 

44.2 

61.7 

55.9 

Sep. 

7 

" 

11 

4 

53.7 

64.7 

59.9 

Sep. 

9 

Gibson 

12 

2 

52.7 

57.7 

55. S 

Medicago  sativa 

June 

12 

Marshall 

',\  '1 

2 

20.6 

30.1 

25.2 

July 

14 

Gibson 

23 

12 

16.8 

22.3 

20.0 

Melilotus  alba 

June 

7 

Gibson 

52 

2S 

26.7 

40.7 

30.8 

June 

18 

" 

58 

30 

15.0 

22.0 

18.8 

July 

22 

Marshall 

50 

5 

18.7 

27.2 

22.5 

" 

" 

30 

7' 

22.2 

28.7 

25.2 

Aug. 

11 

Vigo 

53 

33 

11.5 

19.5 

14.2 
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Plant  Species 
Melilotus 


Date 


County 


No.  of  bees  Sugar  content 

total  without  (percentages) 

nectar  Low        High       Ave. 


officinalis 

June 

5 

Posey 

June 

7 

Gibson 

June 

12 

Fulton 
Pulaski 

Trifolium  repens 

June 

6 

Gibson 

June 

IS 

Vigo 

July 

16 

Greene 

Aug. 

11 

Vigo 

Sep. 

9 

Posey 

Trifolium 

hybridum 

Aug. 

13 

Sullivan 

Lotus 

corniculatus 

July 

14 

Gibson 

Lespedsia  bicolor         Sep.   23 
Althaea  rosea  Aug.    11 

Malva  sylvestris         Aug.   27 


Hibiscus  syriaca 
Jussiaea  diffusa 

Asclepias  tubei~osa 

Asclepias  syriaca 


Verbena  stricta 
Marrubium  vulgare 
Nepeta  cataria 
Pycnanthemum 
pilosum 

Mentha 

rotundi  folia 


Cephalanthus 
occidentalis 

Lonicera 

fragrantissima 

Citrullus  vulgaris 

Cucumis  melo 


Eupatorium 
altissimum 

Solidago 
uniligulata 

Solidago   sp. 

Aster 

novae-angliae 


July  23 
Aug.  11 
Aug.  13 
July  16 
July  22 
July  14 
July  16 
July  22 
July  23 
Aug.  11 
July  15 
July  23 
July   22 

Aug.  27 
Sep.      7 

Aug.  27 
Sep.  7 
Sep.    24 

July  22 

April   17 
June   18 
June   18 
July   24* 
Aug. 


13 


Sep.  8 

Oct.  2 

Sep.  23 

Sep.  23 

Oct.  1* 

Oct.  3 


Tippecanoe 

Parke 

Tippecanoe 

Tippecanoe 
Vigo 

Greene 

Marshall 

Parke 

Owen 

Marshall 

Tippecanoe 

Vigo 

Gibson 

Tippecanoe 

Marshall 

Tippecanoe 


Tippecanoe 


Marshall 

Tippecanoe 

Gibson 

Gibson 

Tippecanoe 

Gibson 

Montgomery 

Putnam 
Tippecanoe 

Tippecanoe 

Allen 

Posey 


51 

0 

31.6 

55.6 

47.2 

50 

2  5 

34.2 

55.2 

48.5 

43 

14 

24.7 

32.7 

27.8 

51 

312 

21.6 

31.6 

27.3 

it; 

11 

39.4 

50.4 

45.2 

55 

21 

39.0 

50.0 

45.6 

26 

93 

30.1 

36.6 

34.5 

27 

18* 

37.0 

43.0 

39.6 

29 

13 

49.3 

59.8 

55.1 

3  6 

54 

49 

53 

63 

2 

2 

47 

4 

7 

52 

8 

2  0 

48 

13 

16 

S 

16 

6 

27 

3 

6 


25 

16 
24'' 
15 
11 

1 

1 
15 

3 

3 
35 

6 
13 
14 
10 

8 

6 

!)" 

4 
15 


2  1 

4 

5 

S 
4010 


28. S 

11.3 
12.3 
11.8 
14.3 


18.7 

24.7 
29.5 
27.3 
17.6 
21.7 
12.8 
13.6 

18.6 
17.0 
19.2 

26.6 

19.1 
42.2 

17.6 
43.2 
13.7 

31.1 

48.5 

•ISA 
31.0 
23. S 

34.5 

37. S 
20.S 

17.8 

31.6 


42.8 

19.3 

22. S 
IS. 8 
23.8 


25.2 

28.7 
40.5 
31.8 
22.1 
31.7 
15.8 
22.1 
29.6 
23.1 
18.5 


29.1 

24.6 
47.2 

31.1 
56.2 
35.2 

35.1 

52.0 

41.4 
34.5 
37. S 

50.8 

43. S 
3  5.3 

22. S 

37.6 


37.7 

13.8 
14.9 
14.9 
17.2 
49.0 
11.0 
22.8 
32.7 
27.0 
34.9 
29.6 
19.5 
27.1 
14.5 
18.9 
25.6 
20.7 
17. S 
21.6 
21.1 
27.9 

21.7 
45.2 

26.5 
49.9 
23.7 

33.0 

50.0 
26.6 
32.7 
32.3 
31.6 

44.6 

40.9 

2S.2 

20.3 
36.5 
34.6 


No. 

of  bees 

Sugar  con 

tent 

total 

wi 

thout 

(percentages) 

Plant    Species 

Date 

County 

nectar 

Low 

High 

Ave. 

Aster  ericoides 

Oct. 

2 

Daviess 

5 

2 

34.6 

40.6 

38.1 

Oct. 

3 

Posey 

29 

14 

41.3 

51.3 

47.5 

" 

26 

11 

43.8 

51.3 

48.1 

Oct. 

4 

" 

11 

5 

33.3 

47.8 

41.5 

" 

7 

5 

40.3 

52.3 

46.3 

Aster  sp. 

Oct. 

1* 

Allen 

23 

7 

46.5 

54.5 

50.6 

Rudbeckia  lacinata 

July 

16 

Greene 

35 

12n 

33.6 

51.1 

40.6 

Helianthus  annuus 

Sep. 

8 

Knox 

7 

4 

48.5 

57.5 

53.5 

Bidens  ceruna 

Oct. 

3 

Posey 

32 

1  1 

48.4 

59.4 

53.2 

Bidens  coronata 

Sep. 

8 

Greene 

24 

3 

44.4 

61.9 

55.7 

Centaurea  cyanus 

June 

6 

Gibson 

17 

7 

32.0 

38.0 

33.9 

Taraxacum  sp. 

April 

21 

Tippecanoe 

11 

6 

43.5 

54.0 

50.1 

Zinnia  sp. 

July 

23 

Tippecanoe 

14 

10 

16.5 

19.5 

18.0 

July 

24* 

" 

12 

s 

20.5 

26.0 

22.5 

Aug. 

5 

" 

11 

4 

18.5 

25.5 

21.3 

Tagetes  sp. 

Sep. 

22 

Tippecanoe 

2 

1 

26.5 

Notes  :    Identifications  of 

some 

plants  were 

made 

by 

Professor  A. 

T.    Gu 

lard   of 

the  Department  of  Biological  Sciences,  Purdue  University. 
*  Analyses  made  in  1957. 
i-11  Excluded  samples.    *37.2%;  216.1%;  323.6%;  419.5%,  22%,  23%,  61%;  544.3%; 

«32.6%;  715.6%;  86.2%,   7.7%;  824.1%;   «>21.8%,   48.3%;   "17.6%,   24.6%. 


10. 


11 


12, 
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Some  Facts  and  Theories  About  the  Broods  and  Periodicity 
of  the  Periodical  Cicadas1 

Frank  N.  Young,  Indiana  University 

The  periodical  cicadas  have  been  the  subject  of  such  a  voluminous 
literature  that  it  is  becoming  increasingly  difficult  to  distinguish  be- 
tween fact  and  theory  or  for  that  matter  between  fact  and  fancy. 
Riley  (17)  and  Marlatt  (15)  did  a  remarkable  job  in  sorting  out  the 
older  literature.  Deay  (10)  has  reviewed  the  status  of  the  periodical 
cicadas  in  Indiana,  and  there  are  excellent  reviews  for  other  areas; 
but  no  one  in  recent  years,  has  attempted  any  general  review  of  the 
literature,  nor  an  evaluation  of  the  theories  presented  by  Riley,  Marlatt, 
and'  others.  Most  recent  papers  are  devoted  primarily  to  records  of 
specific  broods  or  notes  upon  control  and  biology  of  the  cicadas. 

Some  Apparent  Facts  and  Generalizations 

A  number  of  facts  concerning  Magicicada  (8)  which  were  still 
problematical  at  the  time  of  Marlatt's  monograph  (15)  are  now  more 
firmly  established.  There  are  still,  however,  certain  gaps  in  our  knowl- 
edge. 

Marlatt  himself  (16)  reared  specimens  of  Brood  XIV  from  eggs 
collected  in  1889  and  obtained  emergence  at  Washington,  D.  C.  in  1906, 
thus  positively  establishing  the  17-year  period  for  that  brood.  Evidence 
for  the  13-year  cycle  of  the  southern  broods  is  still  largely  presumptive. 
Riley  (17)  (see  Marlatt  (15)  for  a  summary)  attempted  rather  elabo- 
rate experiments  of  transferring  colonies  from  north  to  south  and  vice 
versa.  Most  of  these  attempted  transfers  resulted  in  complete  failure, 
but  in  one  case  eggs  presumably  of  the  17-year  Brood  X  collected  in 
1885  in  Indiana,  Pennsylvania,  or  Michigan  survived  in  Alabama,  where 
adults  emerged  13  years  later  in  1898.  No  13-year  brood  was  expected 
in  the  area  that  year,  but  the  transformation  of  a  17-  to  a  13-year 
cycle  seems  doubtful.  It  is  possible  that  the  eggs  were  from  cicadas 
of  the  13-year  Brood  XXIII  which  also  appeared  in  1885,  or  that  some 
of  the  eggs  of  Brood  XXIII  being  sent  to  northern  localities  were 
misplaced  in  the  mass  shipments. 

The  chronological  evidence  for  the  exact  periodicity  of  the  major 
broods  is  almost  irrefutable.  Brood  XIV  has  appeared  every  17  years 
as  if  timed  by  astronomical  instruments  since  it  was  first  observed  by 
the  Pilgrims  about  1634.  The  other  large  broods  of  both  17-  and  13-year 
cycles  have  also  been  observed  at  the  expected  intervals  over  many 
years.  The  distinction  of  the  cycles  is  also  indicated  by  the  periodicity 
in  areas  where  13-  and  17-year  broods  overlap  and  would  thus  apparently 
be  exposed  to  identical  climatic  conditions. 


1  Contribution  No.   659  from  the  Zoological  Laboratories  of  Indiana  Uni- 
versity. 
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It  should  be  noted,  however,  that  premature  and  late  emergence 
of  most  of  the  major  broods  have  been  observed.  Boyd  (4)  reports 
the  emergence  of  a  large  swarm  of  Brood  X,  due  in  1953,  in  Monmouth 
County,  New  Jersey,  in  1952.  This  swarm  extended  over  an  area  of 
some  two  square  miles.  This  is  exceptional,  and  most  cases  of  prema- 
ture or  later  emergence  are  minor  and  seem  to  have  no  influence  on 
the  major  portion  of  the  brood.  Minor  acceleration  of  emergence  in 
clearings,  in  connection  with  forest  fires,  and  influenced  by  artificial 
heating  by  underground  pipes  are  known.  Acceleration  of  emergence 
by  as  much  as  a  year  has  also  been  reported  in  a  greenhouse  (15). 
Cory  and  Knight  (6)  showed  that  temperatures  above  normal  accelerate 
development  during  the  month  preceding  emergence,  but  that  excessive 
temperatures  produce  many  abnormalities  during  the  final  transforma- 
tion. Rare  fall  emergence  also  occurs  (9,  18)  despite  the  classical 
polemics  between  Riley  and  Ward  on  this  subject. 

None  of  this  evidence  positively  refutes  the  reality  of  a  13-year 
cycle  in  some  broods  and  a  17-year  cycle  in  others.  No  14-,  15-,  or 
16-year  broods  are  yet  known  although  they  would  be  expected  if 
climate  alone  was  the  cause  of  the  difference.  It  therefore  seems  fairly 
certain  that  the  period  of  underground  development  is  gentically  fixed 
and   subject  to   only   minor   modification   by  environmental  factors. 

The  evidence  for  the  unity  of  the  various  broods  recognized  by  Mar- 
latt  (14)  is  not  as  positive  as  their  chronology.  More  evidence  on  this 
subject  might  be  obtained  by  a  thorough  search  of  the  ephemeral  litera- 
ture in  newspapers  and  other  periodicals,  but  the  technical  literature 
has  concerned  itself  mainly  with  the  major  broods.  Determination  of 
the  unity  of  some  of  the  smaller  broods  is  also  complicated  by  the 
rate  at  which  they  have  declined  with  the  clearing  of  the  woodlands. 
The  13-year  broods  in  the  southeast  have  suffered  particularly  from 
the  early  and  almost  complete  destruction  of  the  forests  in  the  coastal 
plain  and  piedmont  areas. 

There  is  no  doubt  that  all  of  the  broods  have  declined  since  the 
early  settlement.  Even  Brood  X  which  still  emerges  in  large  swarms 
in  many  areas  is  apparently  disappearing  in  parts  of  its  range  (12). 
In  Indiana,  this  brood  is  also  evidently  being  divided  into  fragments 
as  forest  clearing  progresses,  and  even  in  Brown  County  which  is 
still  extensively  wooded  the  emergences  in  1953  were  not  as  uniformly 
distributed  nor  so  great  as  in  1936.  It  is  interesting  that  some  broods 
seem  to  have  declined  in  some  areas  even  before  extensive  clearing 
could  have  been  the  only  cause.  For  example,  Brood  XXI  formerly 
occurred  in  western  Florida,  but  has  not  been  reported  from  there  for 
many  years.  Similarly  some  apparently  suitable  areas  lacked  periodical 
cicadas  at  the  time  of  first  settlement. 

The  decline  of  the  cicadas  is  also  indicated  by  the  decreasing 
frequency  of  reports  of  damage.  Davis  (7)  points  out,  however,  the 
opposition  of  nurserymen  to  the  suggestion  that  plantings  of  young 
orchards  be  delayed  in  1953  until  after  the  danger  of  cicada  damage 
was  past.  Such  damage,  at  present,  is  admittedly  minor  and  usually 
confined  to  orchard  plantings  along  the  edges  of  uncleared  woodlands, 
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but  all  cases  may  not  be  reported  because  of  economic  pressures  or  lack 
of  interest. 

For  many  years  there  has  been  disagreement  as  to  the  status  of 
the  large  form  septendecim  (L.)  and  a  smaller  form  cassini  (Fisher) 
which  frequently  occur  together  in  mass  emergences.  Fisher  (11)  in 
the  original  description  of  cassini  pointed  out  differences  in  song,  geni- 
talia and  other  characteristics  aside  from  the  smaller  size.  Riley, 
however,  found  variation  in  the  genitalia  and  other  characters,  and 
most  later  workers  agreed  with  him  in  placing  cassini  as  a  race  or 
variety  of  septendecim.  Beamer  (3)  and  others  have  shown  the  consider- 
able differences  between  the  two  forms  in  habitat,  song,  egg  laying, 
and  have  emphasized  the  failure  of  the  two  to  mate.  Jacobs  (13)  further 
documents  the  differences  in  size,  sex  ratio,  mating  behavior,  song, 
and  habitat  selection.  Alexander  and  Moore  (1)  conclusively  proved 
by  tape  recordings  and  experiments  the  distinctiveness  of  the  songs  and 
their  influence  on  behavior.  There  is  now  no  doubt  that  two  distinct 
species  are  involved  and  that  their  occurrence  together  in  the  same 
broods  is  only  coincidental  probably  being  enforced  by  the  intense 
predation  which  occurs  at  the  time  of  emergence  (3). 

Similarly  there  has  been  dissent  as  to  the  status  of  the  13-year 
"race"  (tredecim)  as  opposed  to  the  17-year  "race"  (septendecim).- 
Deay  (10)  and  others  have  remarked  on  the  apparent  failure  of  the 
members  of  different  "races"  to  mate  even  when  they  emerge  together 
in  the  same  area.  Taxonomically  this  is  a  different  problem  from  that 
involving  septendecim  and  cassini.  The  13-year  broods  and  17-year 
broods  have  probably  been  isolated  from  each  other  for  a  long  period 
of  time,  but  they  have  not  developed  striking  morphological  differences. 
They  are  distinguishable  on  the  basis  of  behavior,  and  on  purely  cir- 
cumstantial evidence  we  would  think  that  tredecim  and  septendecim 
are  physiological  or  genetic  species.  But  on  this  line  of  reasoning 
every  brood,  possibly  every  isolated  colony,  is  probably  genetically 
different  to  some  degree  from  every  other.  Certainly  the  long  nymphal 
life  is  conducive  to  the  accumulation  of  mutations,  and  the  intensive 
selection  produced  by  predation  at  the  times  of  emergence  could  be 
expected  to  lead  to  rapid  genetic  change  between  one  cycle  and  the 
next.    It  is  probably  remarkable  that  we  see  so  little  evident  variation. 

Some  Theories  and  Ideas 

With  the  decline  of  the  broods,  theorizing  as  to  their  origin  and 
significance  has  also  declined.  Marlatt  (15)  summarized  the  theory 
that  the  periodical  cicadas  were  originally  represented  by  only  a  single 
great  brood  of  17-year  periodicity.  Allowing  this  assumption,  which 
Marlatt  admits  is  not  the  only  possible  one,  the  various  broods  can 
be  derived  by  assuming  original  fragmentation  due  to  forest  fires, 
occurrence  of  unfavorable  seasons,  areas  of  unfavorable  soils,  and 
other  factors  and  subsequent  retardation  or  acceleration  of  the  period 
by  a  year.    The  13-year  broods  are  assumed  to  derive  from  the  17-year 


2  A  paper  by  R.  D.  Alexander  and  T.  E.  Moore  in  the  Proe.  10th  Intern. 
Congress  of  Entomology  (in  press)  bears  on  this  point  and  should  be  eon- 
suited. 
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broods  by  fixation  of  a  shorter  developmental  period  originally  induced 
by  warmer  climates.  Overlap  of  13-  and  17-year  broods  can  be  explained 
as  the  result  of  reinvasion  by  13-year  forms  of  the  areas  already  occu- 
pied by  17-year  broods.  Marlatt  presents  various  lines  of  evidence  sup- 
porting these  conclusions,  and  relates  the  broods  by  chronological  and 
areal  distribution. 

This  theory  was  not  universally  accepted.  According  to  Marlatt 
(15)  Prof.  W.  E.  Castle  suggested  that  some  of  the  broods,  particularly 
Brood  VI,  were  extremely  old,  and  that  their  distribution  is  the  result 
of  extinction  in  various  portions  of  the  original  range.  Brood  VI,  al- 
though the  most  widely  distributed  of  the  17-year  broods,  is  extremely 
spotty  in  occurrence  both  in  area  and  numbers  which  coincides  with 
Castle's  idea.  Some  broods  show  similar  fragmented  distributions, 
and  some  of  the  small  broods  are  extremely  erratic.  Other  broods, 
although  appearing  in  numbers  where  they  occur,  are  very  limited  in 
area.  Brood  X  shows  an  interesting  tendency  to  concentrate  in  three 
distinct  areas  with  scattered  light  emergences  between  the  concentra- 
tions. Marlatt,  however,  rejected  the  theory  of  antiquity  as  an  explana- 
tion in  such  cases  in  favor  of  derivation  of  the  broods  such  as  VI 
from  swarms  of  diverse  origin.  This  was  very  probably  the  way  in 
which  the  original  broods  appeared,  but  does  not  seem  to  be  adequate 
for  explaining  the  present  fragmentation. 

Considering  the  knowledge  which  we  now  have  of  the  Pleistocene 
history  of  the  United  States,  the  theory  of  a  single  original  brood  with 
a  17-year  cycle  seems  less  probable.  The  northern  broods  now  occupy 
an  area  roughly  along  the  edge  of  the  area  covered  by  the  Wisconsin 
ice  sheet  and  on  the  area  exposed  after  the  retreat  of  the  ice  and 
occupied  by  the  beech-maple  forest  climax.  This  suggests  that  they 
were  derived,  as  has  been  hypothesized  for  certain  other  organisms, 
late  in  the  Pleistocene  from  southern  populations  of  the  species  which 
spread  rapidly  into  the  newly  available  habitats  after  the  glacial  cli- 
mates ameliorated.  Certain  correlations  suggest,  however,  that  the 
broods    are    much    older,    perhaps    dating   from    before    the    ice    ages. 

The  cicadas  as  a  group  are  certainly  tropical  insects,  and  the  tem- 
perate region  representatives  are  mostly  outliers  of  tropical  groups. 
Magicicada  is  one  of  the  few  genera  confined  entirely  to  the  temperate 
zone.  The  species  are  probably  relicts  of  an  originally  richer  fauna 
of  the  eastern  forest  zone.  The  17-year  broods  still  center  around  the 
mountainous  areas  of  the  Appalachian,  while  the  13-year  broods  occur 
mostly  south  of  the  mountains  or  to  the  west  of  them.  The  long 
cycles  may  thus  have  developed  in  connection  with  zonation  on  the 
mountains  rather  than  glaciation.  The  13-year  cycle  would  presumably 
have  evolved  first,  and  the  longer  17-year  cycle  later.  The  latter  would 
have  preadapted  the  cicadas  possessing  it  for  invading  the  colder 
areas   north   of  the   mountains   before   and   during   the   glacial   periods. 

An  interesting  correlation  of  Brood  XIII  with  the  driftless  area 
of  Wisconsin  and  Minnesota  possibly  indicates  great  antiquity  for  this 
brood.  In  1956,  it  was  reported  in  damaging  numbers  only  from  Rich- 
land, Grant,  Lafayette,  Iowa,  Crawford,  Sauk,  and  Rock  counties,  Wis- 
consin, all  in  the  driftless  area  and  Walworth  County  just  to  the  east. 
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It  also  occurred  in  Houston  County,  Minnesota,  within  the  driftless 
area.  Elsewhere  in  the  United  States,  Brood  XIII  was  reported  only 
from  Lake,  Porter,  and  LaPorte  counties,  Indiana  (5).  The  correlation 
may,  of  course,  be  only  with  edaphic  and  other  factors  and  not  palaeo- 
geography. 

The  former  occurrence  of  colonies  of  the  13-year  Brood  XXI  in 
western  Florida  is  also  suggestive  of  great  age.  Periodical  cicadas  once 
occurred  in  Jackson,  Gadsden,  and  Washington  counties  in  the  area 
around  the  Apalachicola  River  in  which  relict  beech-maple  stands  and 
other  deciduous  trees  occur  together  with  remarkable  tertiary  relicts 
such  as  Tumion  taxifolia,  the  stinking  cedar.  Again  the  correlation 
may  be  with  edaphic  and  other  ecological  factors,  but  it  would  be 
expected  on  the  basis  of  the  theory  that  the  13-year  cycle  is  more 
primitive. 

The  period  of  emergence  of  the  periodical  cicadas  also  coincides 
with  the  theory  that  the  long  cycles  began  in  connection  with  colder 
climates  either  on  mountains  or  in  the  glacial  period.  There  is  a  general 
phenological  correspondence  of  both  cassini  and  septendecim  and  also 
of  13-  and  17-year  broods  when  they  occur  together.  That  is,  emergence 
in  the  southern  areas  is  earlier.  In  all  cases,  however,  emergence  begins 
while  temperatures  are  still  relatively  low.  Nymphs  may  actually  be 
active  near  the  surface  while  frosts  still  occur.  Most  other  cicadas 
do  not  appear  until  temperatures  are  much  higher  later  in  the  summer 
as  evinced  by  such  common  names  as  "dog  day"  cicada.  The  early 
emergence  of  Magicicada  thus  seems  to  be  an  adaptation  for  taking 
advantage  of  a  short,  almost  arctic  or  alpine,  summer. 

The  13-year  cycle  may  not  in  itself  be  particularly  unique.  Other 
cicadas  may  have  even  longer  periods  of  underground  development, 
but  since  individuals  appear  every  year  no  periodicity  is  evident.  Mar- 
latt  (15)  suggests  that  the  erratically  appearing  Tibicen  marginata 
(Say)  may  have  a  cycle  extending  over  20  years.  Scott  (19)  records  an 
unusual  emergence  of  cicadas  superficially  similar  to  Magicicada  in 
Beluchistan  in  1918.  The  natives  were  apparently  not  familiar  with 
this  insect,  and  it  may  have  appeared  only  at  long  intervals.  Cicadas 
emerge  in  massive  broods  in  many  areas  of  Malaya  and  are  used 
as  fortuitous  food  by  the  natives  just  as  Magicada  was  by  the  American 
Indians.  On  Okinawa  in  1945,  cicadas  emerged  in  great  numbers  in 
numerous  localities,  but  they  are  probably  an  annual  occurrence  even 
if  the  period  of  development  is  greater  than  one  year.  In  the  eastern 
United  States  the  emergence  of  Magicada  are  impressive  largely  because 
of  the  irregular  distribution  of  the  broods.  If  they  appeared  every  year 
in  wide  areas  the  periodicity  would  not  have  been  so  easily  detected  nor 
so  astounding. 

We  may  now  hypothesize  the  sequence  of  development  of  periodicity 
and  the  broods  as  follows:  The  Magicicadas  were  not  originally  periodic 
in  the  sense  that  they  are  now,  but  annual  emergences  were  probably 
the  rule  over  great  areas  of  the  eastern  forest.  The  13-year  life  cycle 
developed  slowly  rather  than  abruptly  or  may  represent  the  primitive 
cycle,  and  the  cicadas  were  at  first  rather  inconspicuous  insects  in  the 
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forest  ecosystem.  Broods  of  different  species  developed  in  isolation 
emerged  at  first  at  different  times,  but  as  adaptation  favored  more 
massive  emergences,  and  more  massive  emergences  favored  more  in- 
tensive predation  the  broods  were  compacted  by  mass-surface  effects. 
Gradually  the  annual  broods  became  distinct  in  both  time  and  area  from 
one  another,  and  subsequent  fragmentation  due  to  extinction  in  different 
areas  accentuated  the  differences.  Some  of  the  original  species  of 
Magicicada  became  extinct;  the  survivors  were  forced  into  closer  asso- 
ciation in  broods  by  habitat  preferences  and  other  ecological  restrictions. 
In  colder  or  mountainous  regions  the  life  cycle  lengthened  even  more, 
at  first  due  to  environmental  conditions  alone,  and  later  became  geneti- 
cally stabilized.  The  17-year  form  was  preadapted  for  invading  the 
northern  forests  during  and  at  the  end  of  the  Pleistocene,  and  as  the 
broods  continued  to  be  fragmented  and  extirpated  the  condition  found 
at  the  time  of  first  settlement  was  established.  The  process  of  frag- 
mentation, reduction,  and  extirpation  continues  today. 

Aside  from  all  theories  the  evidence  now  available  clearly  indicates 
that,  although  the  periodical  cicadas  were  probably  never  as  portentous 
as  some  of  our  forefathers  thought,  they  are  still  among  the  most 
interesting  of  Northern  American  insects.  It  is  also  evident  that  the 
cicadas  are  rapidly  becoming  extinct,  except  perhaps  in  a  few  isolated 
thinly  settled  areas  (2).  If  we  are  to  know  much  more  than  we  now 
know  about  these  wonderful  insects  we  need  to  begin  soon.  Some  of 
the  questions  which  should  be  answered  are  of  only  abstract  interest; 
others,  however,  are  of  far  reaching  significance  in  many  fields.  Unfor- 
tunately, such  investigations  as  are  needed  are  not  the  kind  which 
can  be  carried  on  by  individuals.  They  should  be  the  concern  of  insti- 
tutions which  promise  continuity  of  staff  and  effort  over  many  years. 
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Evaluation  of  Population  Estimates  and  the  Rate  of  Loss  of 

Forage  for  the  Meadow  Spittlebug, 

Philaenus  leucophthalmus   (L.)1 

Ray  T.  Everly,  Purdue  University 

In  the  past  14  years  the  meadow  spittlebug  has  become  the  major 
insect  pest  of  forage  legumes  in  Indiana.  Records  of  requests  for 
information  on  insects  and  related  forms  in  the  files  of  the  Department 
of  Entomology  for  the  years  1924  through  1956  show  an  interesting 
pattern  of  the  progress  of  interest  in  this  insect  and  its  increasing 
importance  as  a  forage  pest.  Table  1  gives  the  percentage  of  requests 
received  by  the  department  on  this  insect  and  the  areas  from  which 
these  requests  originated.  It  should  be  pointed  out  that  grower  interest 
in  an  insect  problem  does  not  develop  until  the  insect  is  doing  obvious 
damage  or  becomes  numerous  enough  to  attract  attention.  Therefore 
the  spittlebug  probably  began  to  develop  in  numbers  several  years 
before  any  inquiries  for  information  were  received.  Also  these  requests 
would  tend  to  subside  once  the  insect  was  recognized  by  growers  in 
the  infested  area.  Further  reduction  in  the  numbers  of  requests  were 
the  result  of  the  issuing  of  a  mimeograph  publication,  E-28,  in  1951 
on  this  insect,  which  was  made  available  through  county  agricultural 
agents  and  other  extension  agencies.  Variations  in  the  numbers  of 
inquiries  would   also  be   dependent   on  the   severity   of  the   infestation. 

TABLE  1.     Mail   requests   for   information   on   spittlebugs   received   by 
Purdue  University  Department  of  Entomology,  1924-1956. 

Percent  of 
Year    requests  Location 

1924  0.7  Covington,    Indiana. — on    pecan    and    English    walnuts    and 

other  deciduous  trees1 


no  requests  received  for  a  period  of  18  years 

northern  half  of  Indiana 

northern  half  of  Indiana 

northern  Indiana 

northern  third  of  Indiana  from  LaPorte  to  Fort  Wayne 

46%    from   northern   and   54%    from   central  thirds  of   Indiana 

45%  from  northern,  40%  from  central  and  16%  from  south- 
ern  thirds   of   Indiana.     1    request  Chicago,   111. 

31%  from  northern,  54%  from  central  and  15%  from  south- 
ern third  of  Indiana 

50%  from  northern,  20%  from  central  and  20%  from  locali- 
ties in  Indiana  not  specified.  1  request  from  Ashland, 
Ohio 

1  Purdue  University,  Agricultural  Experiment  Station  Journal  Paper  No. 
1360. 

1  Probably  not  the  meadow  spittlebug. 
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1925 

to 

1942 

0. 

1943 

0.7 

1944 

0.7 

1945 

0.7 

1946 

9.5 

1947 

9.5 

1948 

14.7 

1949 

9.5 

1950 

7.:', 
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Percent  of 
Year     requests  Location 

1951  19.7  64%    from   northern,   8%    from  central  and   16%    from  south- 

ern Indiana.  Also  requests  from  White  Pigeon,  Mich., 
Harrison  and  Cincinnati,  Ohio,  and  Bloomington,  111. 

19522  5.1  72%    from   northern  and   14%    from   southern   Indiana.   Requests 

also  from  Ashland,  Ohio 

1953  14.7  40%    from  northern,  40%  from  central  and  15%   from  south- 

ern Indiana.    Requests  from  Portsmouth,  Ohio. 

1954  2.23         67%    from   northern   and   33%    from   southern   Indiana 

1955  2.83         100%      from     southern     Indiana.       Requests     also     from     Erie, 

Michigan  and  Urbana,  Illinois 

1956  2.23         all   from    northern   Indiana.     A   request   from   Winnetka,   111. 

Indications  are  that  the  spittlebug  probably  became  of  importance 
as  a  pest  of  legumes  in  Indiana  about  1940  (table  1).  Until  1948,  all 
requests  for  information  originated  from  the  northern  half  of  Indiana. 
Following  1948,  requests  from  the  southern  third  of  Indiana  began 
to  come  in.  However  the  spittlebug  never  developed  into  a  serious  pest 
in  this  part  of  the  state  until  after  the  mimeo  on  its  control  was  pub- 
lished. At  the  present  time  it  is  not  a  serious  threat  to  forage  legumes 
in  the  "pocket"  counties  of  Posey,  Vanderburg  and  Gibson,  in  south- 
western Indiana. 

Estimates  of  Population  Densities 

One  of  the  problems  associated  with  evaluating  losses  and  damaging 
populations  of  an  insect  species  is  a  good  method  of  estimating  the 
numbers  of  the  insect  present.  Weaver  and  King  (9)  review  several 
methods  used  by  investigators  to  measure  spittlebug  populations  and 
critically  review  their  relative  merits.  Table  2  lists  6  methods  used  to 
evaluate  spittlebug  populations. 

As  pointed  out  in  the  table,  populations  evaluated  by  methods  3 
and  4  may  be  greatly  affected  by  the  stand.  Observations  and  data 
presented  by  Weaver  and  King  (9)  showed  that  new  stands  of  legumes 
exhibited  greater  infestations  of  spittlebugs  than  old  stands.  This 
would  infer  that  oviposition  sites  as  presented  by  the  straw  stubble 
present,  or  possibly  greater  attractiveness  of  new  stands  of  legumes 
to  the  ovipositing  adults,  might  be  factors  in  determining  populations 
of  spittlebugs  that  develop  in  the  spring.  If  the  presence  of  the  straw 
stubble  is  the  primary  stimulus  that  determines  abundance  of  ovi- 
positing females,  then  the  intensity  of  infestation  as  expressed  in 
nymphs  per  stem,  per  cent  of  stems  infested  or  masses  per  stem 
would  be  greater  in  fields  where  the  stand  of  legumes  was  sparse  and 
subsequent  losses  should  be  higher.  Consequently  we  can  infer  that 
in  two  fields  with   equally  good  stands   of  wheat  or  straw  stubble  as 

2  Mimeograph  E-28  on  identification  and  control  of  the  meadow  spittlebug 
issued  and  made  available  to  county  agents  and  other  extension  groups. 
This  undoubtedly  reduced  the  number  of  mail  requests  as  the  publication 
became  known. 

3  During  these  years,  despite  severe  infestations,  the  identification  and 
control  had  become  so  well  established  that  very  few  requests  were  made 
directly   to   the   Department   of  Entomology. 
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TABLE  2. 

Method 


Methods  of  Evaluating  Spittlebug  Infestations 


Comments 


1.    Nymphs  per 
square  foot 


2.    Masses  per 
square  foot 


3.    Nymphs 
per  stem 


4.    Percent  of 

stems  infested 


5.    Adults  per 
net-sweep 


6.    Visual  ratings 


Time  consuming-  and  laborious  in  heavy  populations. 
Influenced  by  the  presence  of  weeds  more  attractive 
than  crop  plants.  Is  most  accurate  method  for  small 
areas,  uniform  in  stand  and  host  plants. 
Slightly  less  laborious  than  1  above.  Has  same  re- 
strictions. Is  less  accurate  as  more  than  one  nymph 
may  occupy  a  mass  particularly  in  heavy  infestations 
Often  on  crops  with  a  small  crown-type  of  growth, 
masses  will  coalesce  near  the  base  of  the  stem  and  it 
is  difficult  to  determine  how  many  masses  are  present. 
Possible  to  sample  wide  areas  and  may  be  restricted 
to  one  or  several  crop  plants.  Does  not  give  an 
estimate  of  numbers  of  insects  present  per  unit  area 
unless  stand  counts  are  made  and  percent  of  stems 
infested  recorded.  Influenced  by  stand,  permits  sam- 
pling of  wide  areas  rapidly. 

May  be  restricted  to  single  host  plant.  Does  not  give 
accurate  estimate  of  insects  present.  Influenced  by 
stand  of  crop.  When  combined  with  3  above  gives  good 
estimate  of  population  present. 

Must  be  made  within  short  period  of  time  following- 
maturing  of  adults.  Effected  by  person  making  sweeps, 
crop  density,  weather  conditions,  etc.  Gives  good 
relative  populations  for  insecticides  and  other  types 
of  treatments. 

Rapid,  but  does  not  give  accurate  estimate  of  high 
populations.  Permits  rapid  evaluation  of  many  plots 
or  fields.  Influenced  by  observers'  estimate  of  popu- 
lation   densities.     Good    for    screening    insecticides. 


attractive  ovipositing  sites,  the  one  with  the  better  stand  of  legumes 
would  suffer  less  loss  than  the  one  with  the  poorer  stand,  since  there 
would  be  fewer  nymphs  per  stem  and  probably  fewer  infested  stems 
in  the  better  field.  Modifying  factors  in  the  field  with  the  poorer  stand 
might  be  increased  egg  mortality  and  an  increase  in  the  number  of 
extraneous  plants  that  might  be  more  attractive  to  the  spittlebug 
nymphs,  thus  reducing  the  numbers  per  forage  stem.  It  has  been 
observed  that  such  plant  species  as  plantain,  white-top  (Erigeron) 
and  bull  thistles   support  very  high  populations   of  spittlebug  nymphs. 

In  1950,  four  of  the  methods  listed  in  table  2  were  used  to  evaluate 
populations  of  spittlebugs  in  plots  treated  with  various  insecticides. 
The  methods  used  consisted  of  nymphs  per  square  foot,  as  the  basic 
estimate  of  the  populations,  and  visual  ratings,  masses  per  square  foot 
and  adults  per  net-sweep.    Table  3  gives  the  data  from  this  experiment. 

The  different  insecticides  and  dosages  of  active  ingredients  per 
acre  are  listed  not  as  a  recommendation  for  their  use,  but  to  point  out 
certain  possible  errors  in  the  methods  used.  The  visual  estimates  gave 
a  close  evaluation  of  the  materials  tested  but  the  lapse  of  only  one 
week  between  time  of  application  and  the  making  of  the  visual  estimate 
resulted  in  a  poor  evaluation  of  such  materials  as  DDT,  methoxychlor 
and  Rhothane  which  acted  more  slowly  on  the  nymphs  than  did  such 
materials  as  BHC,  lindane  and  chlordane  and  its  close  relatives.    The 
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TABLE  3.     Measurements  of  populations  of  spittlebugs  on  plots  treated 
with  various  insecticides.    Lafayette,  Indiana,  1950. 


Dosage1 

Visual 

estimates2 

(May  21) 

Square  foot  counts 
June  6 

Adults  per 

(applied  May  13) 

masses 

nymphs 

(June  14) 

Lbs. 

No. 

No. 

No. 

Dieldrin 

1.0 

2.67 

.8 

1.2 

18.2 

Methoxychlor 
BHC 

5.3 

.5G 

4.00 
3.50 

2.2 

2.3 

2.2 
5.0 

17.0 
18.2 

Lindane 

.5G 

3.83 

2.5 

6.7 

21.1 

DDT 

4.0 

7.50 

5.7 

11.7 

23.8 

Toxaphene 
Rhothane 

2.0 
2.0 

5.67 
7.33 

5.7 
6.8 

14.2 

22.8 

24.7 
23.2 

Chlordane 

2.0 

8.33 

10.2 

24.2 

25.5 

Aldrin 

.5 

8.17 

9.7 

30.7 

29.4 

Rotenone 

.5 

8.67 

12.7 

35.2 

36.4 

DDT   (Fluorine  a 

nalo 

?)     1.0 

8.50 

11.2 

39.5 

35.9 

Dilan 

1.0 

7.33 

13.3 

40.7 

29.9 

DDT    (Colloidal) 
Untreated 

2.0 

8.33 
9.33 

13.0 
14.3 

44.3 
45.7 

31.0 
36.6 

L.S.D. 

19:1 

2.06 

4.0 

18.0 

8.5 

99:1 

2.74 

5.4 

23.9 

11.3 

heavy  dosage   of  dieldrin   and  methoxychlor  also  may  have   had   some 
residual  effect  on  the  adults  after  they  matured. 

In  studying  the  relationship  of  the  four  methods  of  estimating 
the  spittlebug  populations  in  these  plots,  it  will  be  observed  that  all 
evaluations  exhibit  a  definite  trend  similar  to  that  for  the  square  foot 
sample  estimates  of  the  actual  numbers  of  nymphs  present.  Correlation 
analyses  were  made  and  the  constants  derived  from  the  analyses  are 
given  in  Table  4. 

TABLE  4.     Correlation    constants    for   various    methods    of   estimating 

spittlebug  populations  in  relation  to  actual  counts  of  nymphs 

per  square  foot.    Lafayette,  Indiana,  1950. 


y-variable 

X- 

variable   (Nymphs  per 

square  foot) 

A-value 

b-value 

r 

r2 

sdy 

Masses   per  square  foot 
Adults  per  net-sweep 
Visual    estimates 

1.265 

16.324 

3.765 

.286** 
.392** 
.129** 

.978** 
.931** 
.906** 

.9572 
.8665 
.8205 

2.312 

6.872 
4.747 

The  A-value  is  usually  an  extrapolated  estimate  of  quantity  of  the 
dependent  variable  when  the  independent  variable  is  zero.  An  absence 
of  nymphs  in  plots  predicates  that  masses,  visual  evaluation  and  adults 


1  Pounds  of  active  ingredient  per  acre. 

2  Discrepancies  may  be  the  result  of  differential  action  time  of  the 
insecticides.  1-no  spittlebug  present,  10-spittlebug  very  abundant  (maxi- 
mum). 

3  12-inch  net  used.  Some  discrepancies  may  be  caused  by  effect  of  high 
dosages  on  adults. 

**  Statistically  highly  significant. 
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would  also  be  absent.  In  Table  4  visual  estimates  indicate  that  there 
were  a  "few  plus"  insects  present,  masses  per  square  foot  were  1.265, 
and  adults  per  net-sweep  averaged  16.324  when  no  nymphs  were  present. 
Since  this  is  obviously  an  impossibility,  two  factors  may  be  responsible. 
Since  the  A-value  is  usually  an  extrapolated  value,  the  true  relationship 
of  a  complete  range  of  the  independent  variable  might  be  curvilinear 
and  pass  through  the  origin  for  both  variables,  or  the  A-value  in  these 
cases  may  represent  the  amount  error  in  estimating  the  relationship. 
Since  few,  if  any,  biological  relationships  are  truly  linear,  the  first 
explanation  may  account  for  most  of  the  discrepancy  from  zero  for 
the  above  variables. 

The  correlation  coefficients  (r)  are  highly  significant  for  all  three 
methods,  and  the  numbers  of  nymphs  per  square  foot  accounted  for 
95.7,  88.6  and  82.0  per  cents  of  the  variations  in  masses  per  square 
foot,  adults  per  sweep  and  visual  estimates  respectively.  Thus  masses 
per  square  foot  gives  the  best  estimate  of  the  true  population  and 
visual  estimates  the  poorest.  This  is  probably  accounted  for  by  the 
fact  that  the  variability  is  smallest  in  masses  per  square  foot  and 
while  not  the  largest  in  visual  estimates,  this  method  of  evaluating 
populations  has  a  restricted  range  and  depends  on  judgment  of  the 
observer,  while  adults  per  sweep  are  counts  of  a  correlated  population. 

To  visualize  the  relationships  of  the  three  methods  the  data  from 
Table  3  is  plotted  in  figures  1  and  2.  A  study  of  these  graphs  indicates 
that  within  the  limits  of  the  data  the  relationships  of  masses  per 
square  foot  and  adults  per  net-sweep  with  nymphs  per  square  foot  is 
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Figure  1.     Relationship    of   two   methods    of   estimating   populations    of   the 
meadow  spittlebug  and  the  actual  numbers  of  nymphs  per  square  foot. 
A — Masses  per  square  foot. 
B — Adults  per  net-sweep. 
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Figure   2.     A    comparison    of    the    types    of    curves    fitted    to    data    on    visual 

estimates    of    infestation   of    the   meadow    spittlebug   and   actual   counts   of 

nymphs  per  square  foot. 
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linear.  However  that  of  visual  ratings  and  nymphs  per  square  foot 
is  definitely  curvilinear  even  though  the  linear  regression  was  highly 
significant.  To  determine  the  type  of  curve  that  best  expressed  this 
relationship  the  power-log  and  second  degree  parabola  were  fitted  to 
the  data,  in  addition  to  the  linear  function.  Calculating  the  index  of 
correlation,  P-value,  it  was  determined  that  the  second  degree  parabola 
gave  the  best  fit  to  the  data  with  a  P-value  of  .960  compared  with 
.951  for  the  power-log.  The  errors  of  estimate  were  reduced  from 
2.312,  for  the  visual  estimates  without  the  correlation,  to  .645  for 
the  parabolic  function,  .714  for  the  power-log  and  .946  for  the  linear. 

Thus  for  these  three  methods,  the  masses  per  square  foot  gave 
the  best  estimate  of  the  true  population  as  expressed  in  nymphs  per 
square  foot  and  visual  estimates  gave  the  poorest.  However,  any  of 
the  three  could  be  used  as  a  method  of  evaluating  losses  caused  by 
the  meadow  spittlebug.  Visual  estimates,  although  showing  the  lowest 
correlation  with  the  actual  population  would  be  valuable  in  speeding 
up  the  process  of  screening  insecticides,  since  at  lower  population  levels 
it  is  quite  accurate. 

From  a  study  of  large  plots  Weaver  and  King  (9)  found  the 
relationship  of  adults  per  net-sweep  and  nymphs  per  square  foot  to 
be  approximately  9  to  1.  In  the  data  presented  from  the  Lafayette 
plots  this  ratio  was  114  to  100.  This  indicates  a  wide  range  of  variation 
in  the  relationship  of  these  two  measurements.  Such  factors  as  stand 
uniformity,  similar  environmental  conditions  and  time  of  sweeping, 
net  size  and  the  sweeping  peculiarities  of  the  collector  contribute  to 
this  variability. 

Weaver  and  Whitney  (10)  studied  the  relationship  of  per  cent  of 
stems  infested  and  nymphs  per  stem  and  evolved  formulae  to  express 
the  true  population  from  a  known  proportion  of  stems  infested.  They 
showed  that  this  relationship  is  parabolic  function  and  differed  for  red 
clover  and  alfalfa.  At  the  higher  levels  of  infestation,  the  nymphs  per 
stem   and   population    densities   were   much   greater  for   red   clover. 

Evaluation  of  Forage  Losses 

Reports  of  losses  from  the  meadow  spittlebug  date  back  to  1864 
when  Sibbald  (6)  in  England  made  the  statement  that  unless  the  foam 
was  wiped  off  it  burned  up  the  plants.  Hardy  (5)  reported  that  the 
Swedes  believed  the  spittle  caused  madness  in  cattle.  Baxter  (1) 
reported  losses  for  the  first  time  in  the  United  States  and  stated  that 
the  spittlebug  reduced  hay  yields  one  third.  Many  others  reported 
various  kinds  and  degrees  of  loss.  An  excellent  resume  of  the  history 
of  reports  of  damage  and  loss  to  various  crops  by  this  insect  is  given 
by  Weaver  and  King  (9).  However,  a  careful  perusal  of  these  reports 
indicate  that  seldom  or  never  were  actual  losses  associated  with  definite 
numbers  of  the  insect  so  that  a  survey  of  the  spittlebug  population  in  a 
field  or  area  could  be  used  to  estimate  the  loss  incurred. 

Since  hay  yields  are  measured  in  pounds  per  acre  and  since  density 
of  stand  affects  both  the  yield  and  measurements  such  as  per  cent  of 
stems  infested  and  nymphs  per  stem,  the  insects  responsible  for  losses 
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should  be  measured  by  some  unit  area.  Since  hay  fields  are  generally 
composed  of  mixed  stands  of  legumes,  grasses  and  weeds,  a  true  evalua- 
tion of  loss  of  forage  will  depend  upon  the  effect  of  a  known  population 
of  these  insects  on  the  individual  components  present  in  each  field. 
Another  factor  which  may  influence  the  loss  in  yield  is  the  amount 
of  soil  water  available  during  the  growing  period  when  the  infestation 
by  nymphs  occurs.  Weaver  and  King  (9)  give  data  where  red  clover 
was  grown  under  different  levels  of  available  water  and  conclude  that 
although  differences  in  yield  attributable  to  control  of  the  nymphs 
was  significant  at  the  1%  level,  the  interaction  was  non-significant, 
indicating  that  plant  injury  caused  by  feeding  was  similar  under  different 
levels  of  water.  They  record  green  weights  of  forage  from  treated 
and  untreated  areas  and  showed  that  the  losses  in  forage  were  similar, 
with  less  reduction  under  drought  conditions  and  high  moisture  condi- 
tions   (Table    5).     Since    these    data    are    based    on    green   weights,   the 

TABLE  5.     Losses  in  forage  from  feeding  by  nymphs  of  the  meadow 

spittlebug   under   different   levels   of   moisture.     (From 

Weaver  and  King  (1954).) 

Moisture  level1  Reductions  in  yield  per  square  yard 


Inches 


Pounds 

Percent 

0.029 

73 

0.99 

4S 

1.00 

36 

0.72 

20 

Trace 

2 
4 


losses  at  the  lower  levels  of  moisture  might  possibly  represent  a  greater 
proportion  of  dry  matter.  The  proportional  loss  was  greater  at  low 
levels  of  moisture  indicating  that  controlling  the  spittlebug  would  be 
of  greater  benefit  in  seasons  of  low  rainfall. 

The  same  authors  in  tests  on  the  drying  time  of  hay  infested  with 
spittlebug  nymphs,  found  that  treated  hay  required  longer  time  to  dry 
than  that  containing  spittle  and  concluded  control  of  the  insect  actually 
increased  drying  time  due  to  the  increase  in  yield  and  moisture  content 
of  the  hay  from  treated  areas,  although  the  differences  in  drying  time 
were  of  no  importance  from  the  standpoint  of  normal  farm  operations. 
Under  severe  infestations  on  red  clover  the  high  humidity  resulting 
from  the  spittle  masses  may  result  in  a  sooty  mold  developing  on  the 
stem  and  killing  the  leaves. 

Other  effects  of  spittlebug  infestations  were  reported  by  Weaver 
and  Hibbs  (8).  They  observed  differences  in  protein  and  caretenoid 
content  in  hay  infested  with  spittlebugs,  but  indicated  the  differences 
were  not  important  enough  to  indicate  that  spittlebugs  reduced  the 
nutritive  value  an  appreciable  amount. 

Reductions  in  yields  of  forage  have  been  reported  by  recent  investi- 
gators. Blackburn  and  Stivers  (2)  reported  at  infestations  of  90  per 
cent,   yields   of   red   clover   were   increased   from   4018  to   5230   pounds 


1  per  month. 


Entomology  179 

per  acre  when  control  measures  were  applied.  Gyrisco,  Muka  and 
Hopkins  (11)  reported  that  control  of  spittlebug  infestations  of  2 
to  26  per  square  foot  resulted  in  increased  forage  yields  of  0  to  59 
per  cent  in  green  weight.  However,  Weaver,  App  and  King  (7)  stated 
that  infestations  of  less  than  0.6  nymphs  per  stem  (approximately  24 
per  square  foot),  had  little  effect  on  yields  of  alfalfa  or  red  clover. 
Weaver  and  King  (9)  present  data  showing  ranges  in  loss  of  forage 
in  alfalfa  fields  from  918  to  1575  pounds  of  hay  per  acre  for  popula- 
tions of  3.32  to  8.65  nymphs  per  stem  and  64.5  per  cent  infestation. 
Red  clover  losses  ranged  from  1297  to  2339  pounds  of  hay  per  acre 
with  infestations  from  69  to  75  per  cent  and  one  stem  populations 
of  5.6  nymphs. 

Examination  of  the  data  presented  and  field  observations  indicate 
that  feeding  by  spittlebug  nymphs  reduce  plant  growth,  either  through 
the  introduction  of  a  toxic  substance  or  by  the  reduction  of  the  moisture 
content  of  the  plant  below  that  level  for  optimum  growth.  Fisher  and 
Allen  (4)  reported  alfalfa  and  red  clover  revealed  necrosis,  dwarfing, 
rosetting,  and  blossom  blasting  in  fields  heavily  infested  with  spittlebug 
nymphs  in  Wisconsin.  Caging  nymphs  on  red  clover  and  alfalfa  for  1 
month  showed  similar  symptoms  as  in  the  field.  Whitetop  and  bull 
thistles  also  show  a  similar  reduction  in  the  length  of  the  internodes 
during  the  period  of  feeding  by  the  nymphs.  Plantain  exhibits  a  dis- 
tortion of  the  leaf  areas  similar  to  that  caused  by  2,4, D. 

To  obtain  a  better  estimate  of  the  magnitude  of  forage  losses  in 
relation  to  specific  populations  of  nymphs,  an  experiment  was  set  up 
in  1952  near  Lafayette,  Indiana.  The  field  where  the  test  was  conducted 
had  a  uniform  stand  of  medium  red  clover  free  of  weeds  and  apparently 
uniformly  infested  with  spittlebugs.  Five  levels  of  infestation  were 
obtained  by  adding  additional  infested  stems  from  other  parts  of  the 
field  and  by  the  use  of  three  dosages  of  lindane.  Since  the  application 
of  the  insecticide  might  result  in  the  control  of  insects  other  than  the 
meadow  spittlebug,  examinations  were  made  to  determine  what  other 
insects  were  present  and  their  general  distribution.  The  clover  leaf 
weevil  was  negligible,  averaging  less  than  one  larvae  per  square  foot, 
and  randomly  distributed  throughout  the  test  area.  Leafhoppers  were 
few  in  number  and  even  though  the  insecticide  might  kill  some  of  these 
insects,  they  would  re-establish  uniform  populations  in  a  short  time. 
Also  the  clover  leafhopper,  which  predominated,  is  not  greatly  affected 
by  lindane  at  the  dosages  used.  The  lesser  clover  leaf  weevil  was  not 
present  at  the  time  examinations  were  made,  although  it  is  possible 
some  oviposition  might  have  occurred.  Since  other  injurious  insects 
were  at  such  low  levels  of  infestation,  it  is  believed  that  the  differences 
in  yields  between  the  treatments  are  almost  entirely  associated  with 
the  number  of  nymphs  present. 

The  plots  were  20  x  20  feet  and  the  treatments  were  arranged  in 
8  completely  randomized  blocks.  The  insecticide  treatments  were  applied 
May  3  with  a  small  plot  bicycle-type  sprayer,  equipped  with  a  pressure 
regulator  and  speedometer  to  assure  accurate  and  uniform  dosages. 
Populations  of  spittlebug  nymphs  were  determined  from  counts  made  in 
3   samples,   6   inches   by   18   inches,   in   each   plot.    Forage   yields   were 
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obtained  by  harvesting  and  weighing  a  swath  36  inches  wide  across  the 
entire  plot.  Moisture  samples  were  then  taken  and  dried  to  obtain  the 
percentage  of  moisture  at  harvest.  Seed  yields  from  the  second  crop 
were  obtained  from  3  samples  12  inches  by  36  inches  in  each  plot. 
These  were  dried  and  harvested  with  a  small  sample  huller.  The  data 
from  this  experiment  are  given  in  Table  6. 

TABLE  6.     Spittlebug  populations,  yields  and  moisture  content  of  hay 
and  seed  yields  from  plots  of  red  clover.    Lafayette,  Indiana,  1952. 


Spittlebug 

Moisture  content 

Hay 

yield  per 

Yield  of 

nymphs  per 

of  hay 

acre  at  12% 

seed  per 

square  foot 

at  harvest 

moisture1 

acre3 

No. 

Pet. 

Lbs. 

Lbs. 

64.0 

78.7 

4739 

4S.2 

39.1 

77.8 

5028 

55.9 

17.9 

78.3 

5352 

51.8 

10.2 

78.0 

5230 

53.1 

2.2 

77.8 

5496 

44.4 

The  moisture  content  of  the  hay  at  harvest  did  not  differ  sig- 
nificantly with  the  different  levels  of  infestation  (Table  6).  This  is 
contrary  to  the  findings  of  Weaver  and  King  (9)  and  might  be  explained 
by  the  possibility  that  rainfall  was  sufficient  to  offset  the  moisture 
extracted  from  the  plants  by  spittlebug  feeding.  Chamberlin  and  Medler 
(3)  reported  that  spittlebug  infestations  reduced  first  crop  seed  yield 
of  alfalfa  in  Wisconsin.  In  this  experiment  there  was  no  consistent 
effect  of  the  infestations  on  the  seed  yield  from  the  second  crop  of 
red  clover.  The  fact  that  Chamberlin  and  Medler  were  studying  the 
first  crop  seed  yields  when  the  spittlebug  nymphs  were  actively  feeding 
and  the  data  from  Lafayette  was  taken  from  the  second  cutting  of  red 
clover  when  only  a  relatively  few  adult  spittlebugs  were  present,  prob- 
ably accounts  for  the  different  results. 

As  the  population  of  spittlebug  nymphs  decreased  the  yield  of  hay 
increased  (Table  6).  A  highly  significant  correlation  coefficient  of  .958 
was  obtained  between  the  two  variables  indicating  that  the  variation 
in  the  numbers  of  nymphs  per  square  foot  accounted  for  91.8  percent 
of  the  variation  in  the  yield  of  cured  hay  per  acre.  The  rate  of  loss  was 
determined  as  11.235  pounds  of  cured  hay  per  acre  for  each  additional 
spittlebug  nymph  per  square  foot.  Since  it  is  generally  accepted  that 
an  average  of  one  nymph  per  stem  constitutes  a  minimum  economic 
population  and  that  generally  40  stems  per  square  foot  represents  a 
normal  stand  of  forage,  40  spittlebugs  per  square  foot  would  reduce 
the  yield  of  red  clover  approximately  450  pounds  per  acre.  When  the 
data  is  expressed  graphically  as  shown  in  figure  3,  there  is  no  indication 
of  curvilinearity. 

In  1953,  through  the  cooperation  of  Mr.  Irvin  Mount,  an  aerial 
applicator  in  Marion,  Indiana,  and  Mr.  M.  E.  Cromer,  County  Agricultural 
Agent  in  Muncie,  Indiana,  several  farmers  agreed  to  put  on  field  tests 


1  Harvested  June  15. 

2  Harvested  October  5. 
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Reduction    of    yield    of    red    clover    forage    and    the    numbers    of 
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to  demonstrate  the  value  of  controlling  the  spittlebug.  A  field  of  mixed 
hay  in  Grant  County  was  treated  by  airplane  with  BHC.  One  half  the 
field  was  untreated.  Counts  of  the  nymphs  in  the  treated  portion  of 
the  field  showed  almost  complete  control  as  no  nymphs  were  found  in 
the  sample  areas.  The  untreated  portion  averaged  90  nymphs  per  square 
foot.  Samples  of  forage  were  collected  from  both  parts  of  the  field, 
weighted  and  dried.  From  these  samples  the  yield  of  hay  at  12  percent 
moisture  was  determined  as  3850  pounds  in  the  untreated  area  and  4765 
pounds  per  acre  in  the  treated  area.  This  difference  of  915  pounds 
averaged  approximately  10.2  pounds  per  acre  per  spittlebug  nymph  per 
square  foot.  This  rate  of  loss  is  slightly  less  than  that  obtained  in 
the  experimental  plots  in  1952.  This  difference  may  be  due  to  the 
presence  of  timothy  and  alfalfa  in  the  field.  These  forage  plants  could 
have  different  rates  of  loss  or  the  rate  of  loss  at  the  higher  level  of 
infestation  in  1953  could  deviate  from  the  straight  line  regression  ob- 
tained the  previous  year. 

In  Delaware  County,  data  obtained  from  forage  fields  of  three 
cooperative  growers  where  observations  could  be  made,  are  given  in 
Table  7.  The  estimates  of  the  adult  spittlebug  population  were  obtained 
by  taking  four  samples  of  10  sweeps  each  in  each  part  of  the  field.  Yield 
estimates  were  obtained  by  harvesting  4  square  yard  samples  in  both 
the  treated  and  untreated  parts  of  the  field.  These  were  dried  and  con- 
verted to  an  acre  basis  at  12  percent  moisture. 

TABLE  7.     Adult  spittlebugs  per  net-sweep  and  yields  of  forage  from 

fields   partially   treated   with   insecticides.     Delaware 

County,  Indiana,  1953. 


Adult 

Yie 

Id  of  hay- 

spittlebugs 

per  acre  at 

Field 

Treatment 

per 

net-sweep 

12% 

moisture 

Owner 

No. 

Lbs. 

BHC 

7.4 

6202 

Findley 

Untreated 

56.8 

4666 

BHC 

7.7 

6164 

Lizar 

Untreated 

109.0 

4159 

BHC 

11.8 

5892 

Methoxychlor 

13.7 

5161 

Jackson 

Untreated 

147.0 

4159 

Although  these  fields  were  widely  separated,  with  different  back- 
grounds of  farm  practices  and  rotation  systems,  and  differed  in  the 
potential  yield  of  hay,  the  data  were  combined  and  plotted  in  figure  4. 
It  is  apparent  that  the  relationship  between  adults  per  net-sweep  and 
yield  of  hay  per  acre  under  these  conditions  is  curvilinear.  Three  types 
of  curves  in  addition  to  the  linear  regression  were  fitted  to  the  data. 
Table  8  gives  the  constants  for  these  curves  and  the  measures  of 
goodness  of  fit.  Using  either  the  P-value  (rho)  or  the  errors  of  estimate, 
it  is  evident  that  the  poorest  fit  is  the  linear  regression.  Although 
there  was  a  highly  significant  correlation  of  .895,  the  straight  line 
correlation   reduced   the   errors   of  estimate   only  55   percent.    The   best 
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Fig-ure   4.      Reduction    in    yields    of    mixed    hay    and    the    numbers    of    adult 
meadow   spittlebugs   per   net-sweep.    An   evaluation   of  the   types   of  curves 

best  fitted  to  the  data. 
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fitting  curve  was  the  power  log  with  a  P-value  of  .997  and  a  reduction  of 
the  errors  of  estimate  of  76  percent.  The  second  degree  parabola  gives 
the  second  best  fit  and  the  reciprocal  curve  falls  about  midway  between 
the  linear  regression  and  the  parabola. 

TABLE  8.     Rho-values  and  errors  of  estimate  for  curves  fitted  to  data 

on  yield  of  forage  and  adult  spittlebugs  per  net-sweep. 

(Table  7  and  figure  4.) 


Reduction  of 

Errors  of 

errors  of 

Curve  type 

P-value 

estimate 

estimate 

Lbs. 

Pet. 

Straight  line 

.889 

381.4 

55 

Second  degree  parabola 

.995 

264.0 

68 

Power  log" 

.997 

197.9 

76 

Reciprocal 

.917 

333.7 

60 

Although  the  relationship  in  reduction  of  yield  per  unit  area  of 
infestation  can  not  be  readily  interpreted  from  the  curvilinear  regres- 
sions, the  b-value  from  the  highly  significant  linear  regression  is  15.78 
pounds  of  curved  hay  per  adult  spittlebug  per  net-sweep.  Using  the 
ratio  of  adults  to  nymphs  found  when  these  two  populations  were  com- 
pared, (114  to  100)  the  rate  of  loss  of  cured  hay  per  acre  per  spittlebug 
nymph  per  square  foot  would  be  13.8  for  the  field  tests.  This  compares 
quite  favorably  with  11.3  pounds  per  acre  loss  for  red  clover  in  Lafayette 
plots  in  1952,  when  we  consider  the  number  and  divergencies  of  the 
other  variables  that  enter  into  the  relationship  in  data  from  diverse  and 
widely  separated  areas.  From  the  data  obtained  in  these  two  years,  the 
loss  of  forage  from  feeding  by  spittlebug  nymphs  averages  about  12.5 
pounds  of  cured  hay  per  acre  for  each  additional  spittlebug  nymph 
per  square  foot.  Such  a  loss  would  give  a  gross  loss  of  one  fourth  ton 
of  cured  hay  per  acre  for  a  minimum  economic  population  of  one  nymph 
per  stem  or  40  nymphs  per  square  foot. 

Summary 

The  development  of  the  meadow  spittlebug  as  a  serious  pest  of 
forage  legumes  in  Indiana  began  about  1940  in  the  northern  part  of 
the  state  and  spread  southward.  Today  it  is  present  in  economic  num- 
bers over  the  entire  state  except  the  extreme  southwest  area  of  Vander- 
burg,  Posey,  Gibson  and  adjoining  counties.  Of  the  six  methods  critically 
evaluated,  four  were  compared  statistically.  Masses  per  square  foot, 
adults  per  net-sweep  and  visual  ratings  of  populations  were  highly  sig- 
nificantly correlated  with  actual  counts  of  nymphs  per  square  foot.  The 
relationships  of  masses  and  adults  with  nymphs  was  linear,  while  that 
of  visual  ratings  and  nymphs  was  curvilinear  and  best  expressed  by  a 
second  degree  parabola  (Y  =  A  +  BX  +  CX2).  Experiments  to  measure 
the  yield  of  red  clover  forage  when  infested  with  different  levels  of 
infestation  indicated  that  there  was  a  reduction  of  11.3  pounds  of  cured 
hay  for  each  additional  spittlebug  nymph  per  square  foot,  over  a 
population  range  of  2.2  to  64.0  spittlebug  nymphs  per  square  foot.  Large 
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scale  tests  in  fields  of  mixed  hay  using  the  numbers  of  adults  per  net- 
sweep  gave  a  reduction  of  15.8  pounds  of  cured  hay  per  acre  for  each 
adult  per  net-sweep.  In  the  experiment  where  adult  populations  were  cor- 
related with  nymphal  populations,  a  ratio  of  114  adults  to  100  nymphs 
was  found.  Using  this  ratio,  the  rate  of  loss  in  the  field  tests  would 
average  13.8  pounds  of  hay  per  spittlebug  nymph  per  square  foot.  The 
relationship  of  hay  yields  and  spittlebug  adults  was  curvilinear  and  best 
expressed  by  the  power  log  curve  (Y  =  AXB). 
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Varietal  Susceptibility  of  Cucurbits  to   Cucumber  Beetle  Attack1 

George  E.  Gould,  Purdue  University 

Damage  by  insect  pests  to  the  various  cucurbit  crops  is  so  common 
and  frequent  that  few  growers  attempt  to  grow  a  commercial  crop 
without  following  a  regular  schedule  of  spray  or  dust  applications.  In 
Indiana  the  major  pest  of  all  cucurbits  is  the  striped  cucumber  beetle 
(Acalymma  vittata  (F.)),  although  both  the  squash  bug  (Anasa  tristis 
(DeG.))  and  the  squash  vine  borer  (Melittia  cucurbitae  (Harris)) 
often  cause  serious  losses  to  squash  and  pumpkins.  During  1954  and 
1955  the  squash  bug  population  was  so  high  that  much  of  the  commercial 
pumpkin  acreage  was  destroyed.  Field  tests  were  initiated  in  the 
Brownstown  area  in  1955,  while  other  plots  have  been  located  on  the 
Agronomy  farm,  Lafayette,  from  1955  to  1958.  In  each  year  a  program 
to  control  cucumber  beetles  has  been  necessary  in  order  to  have  plants 
for  tests  against  the  other  two  insects.  However,  the  squash  bug  and 
the  vine  borer  have  been  absent  during  the  past  three  years  and  as  a 
consequence  differences  observed  between  treatments  have  been  due  to 
either  the  insecticide  or  a  susceptibility  of  the  plants  to  beetle  feeding. 

Resistance  or  susceptibility  to  insect  attack  has  been  noted  in 
cucurbit  crops  by  numerous  workers.  Gaylord  &  Hartman  (2)  reported 
certain  cantaloupe  varieties  resistant  to  aphids  in  Indiana.  Many  workers 
have  found  Butternut  squash  and  other  varieties  belonging  to  Cucurbita 
moschata  (Duchesne)  resistant  to  squash  vine  borer.  Howe  (3),  per- 
haps, has  the  best  explanation  of  this  resistance  and  states  that  plants 
of  C.  moschata  are  avoided  by  the  moth  for  oviposition  and  have  a  low 
rate  of  larval  establishment.  These  plants  have  a  hard,  compact,  woody 
stem  with  closely  ranged,  tough  vascular  bundles.  Plants  of  C.  pepo 
(Duchesne)  showed  moderate  resistance  even  though  they  showed  a 
high  oviposition  preference,  high  larval  survival  and  high  resistance 
to  the  spread  of  disease.  Plants  of  C.  maxima  (L.)  showed  a  high 
attractiveness  for  oviposition,  high  survival  of  larvae  and  high  suscepti- 
bility to  infections  of  decay  causing  organisms. 

In  our  tests  at  Lafayette  in  1956  six  varieties  of  squash  or  pumpkins 
representing  the  three  botanical  species  were  planted.  These  were  as 
follows: 

Cucurbita  maxima  ( L )  — 

Golden  Delicious  squash 
Hubbard  squash 
Buttercup  squash 


C.  moschata  (Duchesne)  — 


Butternut  squash 
Kentucky  Field  pumpkin 


C.  pepo  (Duchesne)  — 

Table  Queen  squash 

1  Purdue    University,    Agricultural    Experiment    Station,    Journal    Paper 
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As  soon  as  the  plants  came  up,  all  plots  but  one  were  treated  with 
an  insecticide  to  control  the  striped  cucumber  beetle.  Applications 
were  repeated  as  necessary  at  2  to  7  day  intervals  until  fruits  were 
forming.  Since  no  squash  bugs  appeared  in  any  of  the  plots,  no  further 
treatments  were  applied.  Records  were  kept  on  stand,  survival  from 
attack,  length  of  vine  when  stand  was  reduced  from  15  plants  per  plot 
to  the  standard  of  5,  and  the  number  and  weight  of  fruits  at  harvest. 
For  this  paper  the  data  obtained  on  the  untreated  plots  has  been  com- 
pared with  that  from  plots  treated  with  the  same  insecticide  in  1956, 
1957  and  1958. 

In  1957  two  squash  varieties,  Hubbard  and  Butternut,  were  compared 
with  three  other  cucurbits,  Purdue  Hawksbury  watermelon,  Pride  of 
Wisconsin  muskmelon  and  Straight-8  cucumber.  The  procedures  followed 
and  the  data  taken  were  the  same  as  in  1956.  In  1958  watermelons  were 
dropped  from  the  experiment  and  only  the  other  four  varieties  grown. 

Plants  of  each  variety  were  grown  in  blocks  of  seven  rows  with  each 
row  receiving  a  different  treatment.  Each  replication  had  a  block  of 
rows  of  each  variety  with  the  location  of  treatments  and  of  blocks 
completely  randomized.  Small  plants  were  thinned  to  15  per  plot  when 
in  the  seedling  stage  and  later  to  5  per  plot  at  vining  time.  Records 
of  death  of  plants  from  beetle  feeding,  bacterial  wilt  and  other  diseases 
were  kept  on  both  the  stand  of  15  and  later  of  the  5.  Table  1  gives 
the  percentage  of  plants  dying  in  the  treated  and  untreated  rows.  This 
data  indicates  few  Butternut  squash  plants  died  even  in  the  untreated 
plots,  while  Hubbard  squash  suffered  the  greatest  loss. 

TABLE  1 

The  mortality  of  plants  dying  in  plots  untreated  and  treated  for  the 

control  of  the  striped  cucumber  beetle 

1956  1957  1958 

Variety  Treated  Untreated     Treated     Untreated    Treated     Untreated 


10 


% 

% 

% 

G.    Delicious 

0 

IS 

Hubbard 

13 

30 

0 

Buttercup 

0 

34 

Butternut 

0 

0 

1 

Ky.   Field 

0 

0 

Table   Queen 

0 

3 

Watermelon 

o 

Muskmelon 

2 

Cucumber 

2 

10 

9  4  20 

16  5  20 


The  length  of  vine  measurements  reflects  both  the  influence  of  beetle 
feeding  and  in  the  case  of  treatments  the  possible  phytotoxic  effects  of 
the  insecticide.  Of  the  insecticides  only  lindane  reduced  vine  length 
and  the  subsequent  yield  of  fruits.  Vine  length  of  Butternut  squash 
was  slightly  longer  in  the  treated  than  in  the  untreated,  while  Hubbard 
squash,  cucumber  and  muskmelon  showed  greater  increases.  The  greatest 
differences  between  treated  and  untreated  plants  were  shown  in  the 
yield   of  fruits.    Butternut  had   the   smallest  percent   increase  with   an 
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average  of  only  22  in  the  three  years.  Cucumbers  had  an  increase  of 
160  percent  and  Buttercup  squash  226  percent  in  one  season  each,  while 
Hubbard  squash  had  an  average  increase  of  over  600  percent  (see 
Table  2). 

TABLE  2 

The  increase  in  vine  length  and  fruit  harvested  from  plots  treated  for 
control    of   the    striped    cucumber    beetle    over    untreated    plots 


Vine 

length 

Pounds 

of  fruits 

harvested 

Variety 

1957 

1958 

1956 

1957 

1958 

% 

% 

% 

% 

% 

G.   Delicious 

44 

Hubbard 

94 

91 

38 

1780 

117 

Buttercup 

226 

Butternut 

33 

18 

22 

38 

6 

Ky.    Field 

56 

Table   Queen 

32 

Watermelon 

30 

82 

Muskmelon 

33 

100 

43 

55 

Cucumber 

53 

78 

160 

Of  special  interest  was  the  direction  of  migration  of  the  cucumber 
beetle  and  the  concentration  of  live  beetles  on  different  varieties  of 
cucurbits.  It  was  noted  in  1958  as  in  many  previous  years  that  plants 
on  the  northeast  part  of  the  plots  were  infested  first  and  usually  had 
the  largest  populations  throughout  the  season.  Beetles  were  perhaps 
migrating  against  the  prevailing  winds  (southwest),  as  the  plots  were 
in  a  general  farming  area.  The  nearest  vegetable  patch  and  wooded 
area  was  150  yards  to  the  west.  Beetle  counts  were  made  on  the  various 
treatments  and  varieties  on  several  dates  and  that  of  June  26  was  found 
to  be  extremely  high.  In  the  treated  plot  a  total  of  26  live  and  45  dead 
beetles  were  counted  on  240  plants  (60  of  each  variety).  The  numbers 
and  distribution  of  live  beetles  on  the  untreated  rows  are  given  in 
table  3.    Hubbard  in  each  of  the  four  replications  had  far  more  beetles 

TABLE  3 

The  number  of  live  cucumber  beetles  found  on   15  untreated  plants  of 
four  varieties  of  cucurbits,  each  replicated  four  times 


Direction 
of 

Varieties 

replication 

Hubbard 

Butternut 

Cucumber 

Muskmelon 

SW 

148 

0 

5 

0 

NW 

94 

5 

13 

0 

NE 

■165 

I) 

26 

24 

SE 

111 

0 

4 

2 

than  any  other  variety  and  on  the  northeast  replication  had  465  beetles 
on  the  15  plants.  Most  of  the  plants  were  devoured  in  a  few  days, 
although   one   plant   in   this    plot   did   survive   and   produced   two   fruits. 
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In  1942  the  writer  found  a  beetle  similar  to  the  striped  cucumber 
beetle  on  plots  of  squash  and  cucumbers.  This  beetle  was  later  described 
as  Acalymma  gouldi  by  Barber  from  the  28  specimens  collected  here  and 
single  specimens  from  Marion  County,  Indiana,  (Blatchley  1910)  and 
from  Berthierville,  Quebec.  This  beetle  was  found  primarily  in  the 
blossoms  of  squash  and  accounted  for  about  five  percent  of  the  total 
population  of  striped  beetles  collected  over  a  three  weeks  period  in 
June  and  July.  Even  though  our  plots  have  been  located  about  two 
miles  from  the  1942  location  for  the  past  10  years,  not  a  single  beetle 
of  the  new  species  has  been  seen  since  the  original  collection. 

Summary 

Varieties  of  squash  belonging  to  the  species  Cucurbita  moschata 
were  found  to  be  less  affected  by  the  feeding  of  cucumber  beetles  than 
were  varieties  of  C.  maxima  and  pepo.  Differences  were  apparent  not 
only  in  the  number  of  plants  dying  from  feeding  and  bacterial  wilt  but 
also  from  the  length  of  vines  at  thinning  time  and  the  yields  of  fruits 
at  harvest.  Butternut  squash  showed  the  least  effects  of  beetle  attack 
and  Hubbard  squash  the  greatest.  In  some  seasons  beetles  destroyed 
most  or  all  of  the  plants  in  the  Hubbard  plots  and  many  in  the  Buttercup 
plots  before  harvest.  Of  the  other  cucurbits  used  in  these  tests  cucumbers 
and  muskmelons  were  more  affected  than  watermelons  but  not  as  much 
as  the  squash  belonging  to  C.  maxima.  The  Hubbard  squash  attracted 
many  more  beetles  than  did  the  Butternut  squash,  cucumbers  and  musk- 
melons. The  predominant  direction  of  early  beetle  migration  has  been 
from  the  northeast. 
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Insects   and   Other  Arthropods  of  Economic  Importance 
in  Indiana  in  19581 

John  V.  Osmun,  Purdue  University^ 

For  the  second  year  in  a  row,  similar,  unusual  weather  prevailed  in 
Indiana.  A  brief  analysis  of  these  cool,  wet  conditions  is  worthy  of 
background  consideration  before  discussing  insect  abundance.  March 
was  unusually  cool  in  southern  Indiana  where  the  temperature  averaged 
6.3°  F.  below  normal  in  a  subnormally  dry  atmosphere.  April  was 
nearly  normal,  but  May  averaged  more  than  1°  F.  below  normal  through- 
out most  of  the  state.  June  broke  50-year  records  with  the  northern 
two-thirds  of  the  state  averaging  6°  below  normal  together  with  a  rain- 
fall 5  inches  above  normal.  July  followed  a  similar  pattern  throughout 
the  state  with  — 2.6°  F.  average  and  +3.7  inches  rainfall  average.  Com- 
bining June  and  July  rainfalls,  this  particular  two  months'  average  was 
about  7  inches  above  previous  record  rainfalls.  August  was  a  similar 
month  but  the  deviations  were  about  half  those  of  July. 

Considering  these  unusual  conditions,  it  is  natural  that  abnormal 
insect  occurrence  records  should  be  reflected.  Practically  none  of  our 
insect-susceptible  agricultural  crops  developed  at  usual  time  intervals 
and  the  early  cool  weather  retarded  insect  emergence  and  /or  develop- 
ment. The  extremely  wet  conditions  in  mid-summer  coupled  with  cool 
temperatures  were  unfavorable  to  many  species  and  encouraged  develop- 
ment of  insect  disease  organisms.  Of  our  normally  very  important 
economic  insects  and  other  arthropods,  only  the  meadow  spittlebug, 
cutworm  and  housefly  occurred  in  normal  numbers. 

A  review  of  the  records  on  certain  species  follows: 

Field  and  Crop  Insects 

Corn  earworm  (Heliothis  zea  (Boddie)).  The  fall  survey  for  1957 
showed  6.5-43%  of  the  ears  infested.  Both  light  trap  and  field  records 
show  low  infestations  this  year,  although  a  noticeable  peak  of  adults 
was  recorded  in  early  September  in  north-central  Indiana.  The  current 
fall  survey  on  field  corn  revealed  a  range  of  0-33%  infestation;  northern 
Indiana  was  very  low. 

European  corn  borer  {Pyrausta  mibilalis  (Hbn.)).  The  fall  survey 
made  in  1957  indicated  one  of  the  sparsest  infestations  in  recent  years, 
the  highest  (in  the  NNW)  being  95  borers  per  100  plants  and  the 
lowest  (in  the  SSW)  being  3.2  borers  per  100.  This  low  carry-over 
combined  with  the  inclement  June  weather  resulted  in  sparse  egg  counts 
and  a  first  generation  infestation  which  was  negligible.  The  fall  survey 
of  1958  indicated,  however,  that  favorable  conditions  existed  in  some 
regions  for  late  borer  development,  because  in  spite  of  few  moths,  there 


1  Purdue   University   Agricultural    Experiment    Station    Journal    No.    136G. 

2  Contributions    received    from    W.    L.    Butts,    L.    Chandler,    H.    O.    Deay, 
R.    T.    Everly,    G.    E.    Gould,    C.    E.    McCoy,    D.    L.    Schuder   and    M.    S.   Wilson. 

190 


Entomology  191 

were   fall   counts   in   the   far   north   band,   the   NE   and   the    SE    areas, 
ranging  from  55-93  borers  per  100  plants. 

Armyworm  (Psendaletia  unipuncta  (Haw.)).  Heavy  moth  flights 
began  in  southern  Indiana  during  the  last  week  in  April  and  in  central 
Indiana  the  middle  of  May.  Following  a  drop-off,  counts  went  up  again 
in  late  June  and  reached  a  high  peak  in  north  central  Indiana  in  mid- 
July.  Larval  infestations  threatened  in  early  June,  especially  in  corn 
planted  in  fields  that  had  contained  rank  growth  of  grass  prior  to 
plowing.  It  never  became  excessively  abundant  or  destructive  even  after 
the  heavy  July  flights,  probably  due  to  temperatures  that  were  more 
conducive  to  the  development  of  parasites  than  to  the  armyworm.  Barley 
was  extensively  but  briefly  damaged  in  some  areas. 

Fall  armyworm  {Laphygma  frugiperda  (J.  E.  Smith)).  This  insect 
was  recorded  as  early  as  July  10  infesting  corn  in  Starke  and  Porter 
counties.  Scattered,  light  infestations  were  also  noted  in  the  south  at 
that  time.  It  did  not  appear  at  all  in  the  fall  on  corn  as  is  normally 
the  case  in  southern  Indiana. 

Northern  corn  rootworm  (Diabrotica  longicornis  (Say)).  The  adult 
of  this  insect  was  more  abundant  than  usual  through  the  central  and 
northern  parts  of  the  state.  Larval  damage  of  significance  was  observed 
in  Tippecanoe  and  Hamilton  counties. 

Cutworms — A  considerable  increase  in  cutworm  populations  was 
recorded  universally  this  year.  Moist  conditions  contributed  to  increases 
in  southwestern  and  central  Indiana  with  the  black  cutworm,  Agrotis 
ypsilon  (Rott.),  being  especially  important.  Moth  flights  of  the  varie- 
gated cutworm,  Peridroma  margaritosa  (Haw.),  reached  rather  high 
proportions  in  central  Indiana  in  mid-July. 

Wireworms  were  less  important  than  usual,  although  muck  and 
sand  areas  of  Starke  and  Newton  counties  had  significant  infestations 
in  corn. 

Japanese  beetle  (Popillia  japonica  Newm.).  In  the  area  where  rec- 
ords were  carefully  maintained  (Newton  County),  winter  mortality  was 
high.  Adults  emerged  late  with  a  peak  noted  in  early  August.  Eggs 
were  found  as  late  as  October  1  and  only  10%  of  previously  hatched 
larvae  had  matured  by  that  time.  New  infestations  were  found  in  the 
Lafayette  area,  Goshen,  Huntington,  Greenfield  and  Frankfort. 

Four-spotted  corn  sap  beetle  (Glischrochilus  quadrisignatus  (Say)), 
Compared  with  1957,  the  infestations  of  this  insect  have  been  very  low. 

A  weevil  (Centrinus  penicellus  (Hbst.))  was  abundant  for  the  first 
time  in  opening  tassels  of  late  planted  field  corn  in  Vanderburgh  County. 

Corn  leaf  aphid  (Rhopalosiphum  maidis  (Fitch.)).  This  was  not 
an  economic  problem  on  corn  in  1958.  It  was  noticeable  on  sorghum 
in  the  southern  area  and  was  abundant  in  the  fall  on  both  corn  and 
sorghum  suckers.  Infestations  in  sorghum  breeding  nurseries  was  very 
severe  on  heads  bagged  for  seed  production  in  Tippecanoe  County. 

Sorghum  webworm  (Celama  sorghiella  (Riley)).  This  insect  gen- 
erally  infested    grain   and    forage    sorghums    in   the    southern    third   of 
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Indiana,  with  infestations  as  high  as  150  per  mature  head  in  the  Vin- 
cennes  area. 

Bean  leaf  beetle  {Cerotoma  trifurcata  (Forst)).  This  insect  con- 
tinues to  increase  in  abundance  and  importance  on  soybeans  in  this 
state  with  especially  heavy  infestations  in  Vanderburgh  County.  Con- 
siderable feeding  was  also  recorded  on  garden  beans  early  in  the  season. 

European  fruit  lecanium  (Lecanium  corni  Bouche)  was  found  se- 
verely infesting  60  acres  of  soybeans  in  White  County,  where  it  moved 
from  osage  orange  during  the  crawler  stage. 

Tomato  fruitworm  (Heliothis  zea  (Boddie)).  For  the  second  con- 
secutive year,  infestations  of  this  pest  in  tomatoes  was  low,  although 
it  threatened  early  in  September. 

Fruit  flies  (Drosophila  melanogaster  Meig.  and  D.  hydei  Sturt.) 
were  more  numerous  in  tomato  fields  this  season  than  at  any  time  in 
recent  years.  Since  fruit  was  generally  sound,  the  great  increase  is 
attributed  to  constant  environmental  moisture  and  cooler  temperatures, 
both  important  ecological  factors  for  these  flies. 

Spotted  cucumber  beetle  (Diabrotica  undecimpunctata  howardi  Bar- 
ber) .  Populations  of  this  insect  were  higher  than  normal  on  beans, 
squash,  melons  and  cucumbers. 

Squash  bug  (Anasa  tristis  (DeG.) ).  Not  economically  important  this 
season. 

Onion  maggot  (Hylemya  antiqua  (Meig.))  was  generally  scarce  in 
northern  Indiana  onion  fields  this  year. 

Potato  leafhopper  (Empoasca  fabae  Harris).  Although  initial  entry 
into  the  state  was  reasonably  normal,  populations  for  the  year  were 
low  and  no  serious  problems  developed  on  either  potatoes  or  alfalfa. 
This  is  attributed  to  the  cool,  wet  season  and  to  the  farming  practice 
this  season  of  having  to  remove  first  cutting  hay  much  later  than  usual 
resulting  in  the  destruction  of  many  developing  eggs. 

Meadow  spittlebug  (Philaenas  leucopthalmus  (L.)).  This  insect  con- 
tinued to  be  economically  very  important  in  May  and  early  June,  espe- 
cially in  the  southeastern  part  of  the  state.  Counts  were  slightly  lower 
than  in  1957  but  highs  of  3-4  nymphs  per  stem  were  common.  The 
adults  have  been  numerous  this  fall  in  the  normal  spittlebug  areas. 

Spotted  alfalfa  aphid  (Therioaphis  maculata  (Buckton)).  The 
bridgehead  of  this  insect  in  Indiana  has  apparently  failed — at  least 
temporarily.  It  did  not  overwinter  into  1958  and  no  entry  recorls  have 
been  recorded  this  fall.  This  situation  is  attributed  to  the  naturally 
developing  balance  between  the  host  and  its  parasites  and  predators, 
and  to  the  cool,  wet  weather  which  is  not  conducive  to  spotted  alfalfa 
aphid  development. 

Clover  root  borer  (Hylasthms  obscurus  (Marsh.)).  The  low  damage 
rating  for  this  insect  in  1958  is  attributed  to  moist  soil  conditions  which 
allowed  roots  to  grow  out  of  any  damage. 

Green  cloverworm  (Plathypena  scabra  (F.)).  Compared  with  the 
frequency  rating  in  1957,  the  green  cloverworm  was  scarce  on  soybeans 
and  clover  this  year. 
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Clover  head  caterpillar  (Grapholitha  interstinctana  (Clem.)).  Al- 
though not  reported  last  year,  this  insect  was  very  abundant  during 
the  spring  in  southern  Indiana.  Infestations  as  high  as  1-3  per  stem 
were  recorded  on  red  clover. 

Hessian  fly  (Phytophaga  destructor  (Say)).  Infestations  of  this 
insect  appeared  to  be  low  throughout  the  state,  a  situation  which  to  a 
considerable  extent  is  attributable  to  the  adherence  to  the  fly-free  dates 
and  the  increased  acceptance  of  Dual  wheat.  In  early  planted,  susceptible 
wheat  in  the  Muncie  area,  infestations  were  surprisingly  high  with  a 
range  of  72-96%. 

Mint  looper  (Rachiplusia  on  (Guerin)).  Compared  with  the  record 
breaking  year  of  1957,  this  insect  was  somewhat  reduced  this  year  but 
still  was  abundant.  Mint  growers  were  prepared  for  it,  however,  and 
by  chemical  controls,  prevented  it  from  becoming  destructive. 

Grasshoppers.  The  fall  survey  indicated  a  slight  increase  in  grass- 
hopper populations  with  4-24  per  square  yard  being  recorded  from  a 
small  geographical  diagonal  band  extending  from  Hamilton  County 
northwest  to  White  County.  As  is  normal,  the  principal  species  is  the 
red-legged  grasshopper,  Melanoplus  femur-rubrum  (DeG.). 

Plant  bugs  (principally  Lygus  lineolaris  (P.  de  B.),  Adelphocoris 
rapidus  (Say),  Adelphocoris  lineolatus  (Goeze)).  Populations  were 
again  quite  high,  and  this  year  more  widespread  in  distribution. 

Chinch  bug  (Blissus  leucopterus  (Say)).  No  economic  damage  was 
reported  for  this  insect. 

Honey  bees  (Apis  mellifera  L.)  swarmed  excessively  this  year  as 
a  result  of  weather-induced  hive  crowding.  Frequent,  also,  were  the 
calls  for  honey  bee  control  in  and  around  homes. 

Two-spotted  spider  mite  (Tetranychus  telarius  (L.)).  Except  as 
noted   below,   this   mite   was   generally   low  throughout   the   season. 

Fruit  Insects 

Codling  moth  (Carpocapsa  pomonella  (L)).  Populations  of  this 
insect  were  unusually  low  in  1958. 

Oriental  fruit  moth  {Grapholitha  molesta  (Busck) )  was  reported 
as  generally  severe  in  sub-standard  orchards. 

Apple  maggot  (Rhagoletis  pomonella  (Walsh)).  This  insect,  often 
abundant  in  northern  Indiana,  was  found  in  orchards  as  far  south  as 
Bloomington  this  year.  Flies  were  easily  caught  by  hand  in  certain 
northern  orchards  and  infestations  ranged  from  2%  of  the  fruit  infested 
in  treated  orchards  to  100%   infested  in  untreated  plantings. 

Apple  aphid  (Aphis  pomi  DeG.).  Of  our  two  important  apple  aphids, 
this  was  the  more  abundant  one  this  year,  being  economically  important 
in  southwestern  Indiana  where  some  orchards  had  80%  of  their  leaves 
infested  with  up  to  50  aphids  per  leaf. 

Rosy  apple  aphid  (Anuraphis  roseus  Baker).  In  some  areas  of 
southern  Indiana  this  aphid  was  abnormally  abundant  and  serious  enough 
to  require  treatment  of  the  fruit. 
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Mite  populations  on  fruit  were  generally  subnormal  this  season 
because  of  weather  conditions.  It  was  interesting  to  note,  however, 
that  once  populations  of  either  the  European  red  mite  (Metatetranychus 
idmi  (Koch))  or  the  two-spotted  mite  were  established,  heavy  rains 
did  not  quantitatively  reduce  the  populations. 

Tobacco  Insects 

Tobacco  hornworm  (Protoparce  sexta  (Johan.))  was  less  abundant 
than  in  1957,  fields  in  Jefferson  County  having  plant  infestations  ranging 
from  17-30%  with  an  average  of  21%. 

Tomato  hornworm  (P.  quinquemaculata  Haw.)  in  tobacco  continued 
in  its  relative  position  to  P.  sexta  (Johan.)  of  about  1  to  10. 

Tobacco  flea  beetle  (Epitrix  hirtipennis  (Melsh.))  was  not  econom- 
ically important  this  year. 

Tobacco  aphid  (Myzus  persicae  (Sulz.))  (green  peach  aphid)  was 
less  abundant  than  in  1957  and  not  economically  important. 

Cutworms  were  more  abundant  than  usual  throughout  the  season 
in  tobacco  fields. 

Tree  and  Shrub  Insects 

Zimmerman  pine  moth  {Dioryctria  zimmermani  (Grote)).  This  in- 
sect continues  to  be  important  in  red  and  Scotch  pines  with  some  infesta- 
tions as  high  as  30%.  It  now  occurs  in  seven  counties  in  northern 
Indiana. 

European  pine  shoot  moth  (Rhyacionia  buoliana  (Schiff.))  continues 
to  spread  throughout  the  state  where  there  are  pine  plantings.  Infesta- 
tions in  the  Bristol  area  ran  to  100%  and  larvae  were  collected  as  far 
south  as  Bedford. 

Nantucket  pine  moth  (Rhyacionia  frustrana  (Comst.))  continues 
to  be  the  limiting  factor  in  pine  production  in   southern   Indiana. 

Jack-pine  sawfly  (N  eodiprion  pratti  banksianae  Roh.)  was  unusually 
abundant  in  southern  Indiana  in  mid-summer. 

Bagworms  (Thyridopteryx  ephemerae formis  (Haw.)).  Although  not 
as  severe  as  in  1957,  the  bagworm  was  abundant  on  evergreens  and 
deciduous  trees  throughout  the  state. 

Mimosa  webworm  (Homadaula  albizziae  Clarke).  Population  evi- 
dent on  honey  locust  trees  in  extreme  southern  Indiana.  Population  not 
as  heavy  as  in  1957,  although  severe  in  Evansville. 

Fall  webworm  (Hyphantria  cunea  (Drury)).  Common  on  forest 
and  ornamental  trees  throughout  the  state  in  August  and   September. 

Elm  leaf  beetle  (Galerucella  zanthomelaena  (Schr.)).  Again  com- 
mon on  Chinese  elm  from  Lafayette  southward. 

Yellow-necked  caterpillar  (Datana  ministra  (Drury))  was  abundant 
on  apple,  hawthorne  and  birch,  and  occurred  throughout  the  state.  A 
related  species,  Datana  angusii  G.  &  R.,  was  destructive  to  pin  oaks. 

Catalpha  sphinx  (Ceratomia  catalpae  (Bdv.)  larvae  were  abundant 
again  in  White  and  Fulton  counties,  where  infested  trees  were  stripped 
of  foliage  by  mid-September. 


Entomology  195 

Sycamore  tussock  moth  (Halisidota  harrisii  Walsh).  The  larvae 
of  this  insect  was  abundant  in  the  summer  months  especially  in  the 
northern  half  of  the  state  where  partial  defoliation  of  sycamores 
occurred. 

Man,  Animal  and  Household  Pests 

German  cockroach  (Blattella  germanica  (L.)).  This  structural  pest 
continues  to  increase  both  in  numbers  and  importance  due  primarily  to 
chlorinated  hydrocarbon  resistance  and  associated  changes  in  its  habits. 

House  fly  (Musca  domestica  L.).  This  insect  increased  markedly 
this  season  due  in  part  to  moist  conditions  and  only  token  attention  to 
sanitation  in  many  areas. 

Mosquitoes  of  most  common  species  were  again  very  abundant  due 
to  the  available  water  in  a  variety  of  environments.  Especially  striking 
were  the  large  numbers  of  Psorophora  ciliata  (F.). 

Subterranean  termites  (Reticulitermes  flavipes  (Kollar))  continue 
to  be  economically  very  important  in  spite  of  improved  building  methods. 

American  dog  tick  (Dermacentor  variabilis  (Say))  populations  de- 
creased some  from  last  year's  high.  Three  cases  of  Rocky  Mountain 
Spotted  Fever  were  reported  from  an  area  north  of  Knox  and  in 
Crothersville.  More  reports  were  received  than  usual,  however,  on  the 
occurrence  of  the  brown  dog  tick,  Rhipicephalus  sanguineus    (Latr.)). 

Boxelder  bug  (Leptocoris  trivittatus  (Say)).  Little  change  in  the 
status  of  this  insect. 

Dog  and  cat  fleas  (Ctenocephalides  canis  (Curt.)  and  C.  fells 
(Bouche))  have  increased  for  the  second  censecutive  year.  This  is 
attributed  to  favorable  outdoor  breeding  conditions  and  nearly  universal 
resistance  to  chlorinated  hydrocarbons. 

Ants  of  several  species  were  troublesome  this  year  as  was  evidenced 
by  the  large  numbers  submitted  for  identification.  Especially  frequent 
among  these  was  the  pavement  ant,  Tetramorium  caespitum   (L.). 

Moth  flies,  in  particular  Psychoda  alternata  Say,  were  locally  abun- 
dant in  many  areas. 

The  milliped,  Zinaria  butleri  (McNeill)  continues  to  be  an  important 
lawn  and  woodland  pest,  with  especially  heavy  infestations  reported  in 
Bloomington  and  Delphi. 

Although  unusual  climatic  conditions  again  altered  the  situation  in 
Indiana  in  1958  by  reducing  the  numbers  of  some  important  insects, 
it  is  obvious  that  problems  were  not  lacking  for  economic  entomologists 
to  pursue. 


Susceptibility  of  the  Ootheca  of  the  American  Cockroach, 
Periplaneta  americana   (L.),  to  Various  Insecticides1,  2 

Ralph  A.  Killough,  Purdue  University 

The  American  cockroach,  Periplaneta  americana  (L.),  is  considered 
an  economic  pest;  therefore,  it  is  subject  to  control  measures  which 
will  minimize  its  numbers.  There  are  several  ways  by  which  this  insect 
is  reduced  in  population;  the  most  common  one  is  by  an  application 
of  an  insecticidal  spray  or  dust  directly  to  the  cockroach  or  to  an  area 
where  it  is  likely  to  come  in  contact  with  the  insecticide. 

Three  stages  of  development  in  the  life  of  an  American  cockroach 
are  the  egg,  nymph,  and  adult.  The  eggs  of  the  cockroach  are  enclosed 
in  a  structure  which  is  referred  to  as  an  ootheca  or  egg  capsule.  Insecti- 
cidal applications  at  present  are  concentrated  against  the  nymphs  and 
adults  rather  than  the  eggs.  This  is  probably  due  to  a  knowledge  of 
the  insect's  habits  and  habitat.  During  regular  control  operations  the 
oothecae  are  often  found  and  sprayed.  There  is  very  little  known,  how- 
ever, regarding  the  response  of  eggs  within  the  ootheca  to  insecticides. 
Therefore,  it  was  the  purpose  of  these  tests  to  determine  the  effective- 
ness of  commonly  used  insecticides  against  American  cockroach  oothecae. 

The  number  of  eggs  per  ootheca  varies  with  the  different  females. 
An  ootheca  properly  formed  and  filled  contains  16  eggs,  but  with  the 
exception  of  the  first  ootheca  produced  they  seldom  have  this  number. 
Studies  by  Gould  and  Deay  (2)  revealed  that  an  average  of  13.6  cock- 
roaches emerged  per  ootheca  from  511  fertile  oothecae.  The  normal 
ootheca  is  chocolate  brown  in  color  and  bean-shaped.  The  top  of  the 
ootheca  (or  keel)  is  not  rounded,  but  instead  the  two  sides  are  tightly 
pressed  together  and  crimped  on  the  edge.  Within  the  innerface  of 
each  half  of  this  keel  there  are  scooped-out  depressions  and  grooves 
which  meet  to  form  a  series  of  cells  and  tubes.  Roth  and  Willis  (3) 
state  that  these  cavities  are  respiratory  chambers  which,  with  associated 
ducts,  convey  air  to  the  membranes  around  the  eggs. 

Brunet  and  Kent  (1)  conducted  some  work  on  the  composition  of 
the  oothecal  wall  and  concluded  that  the  wall  was  composed  entirely 
of  a  tanned  protein  which  they  called  sclerotin.  Therefore,  the  composi- 
tion of  the  oothecal  wall  is  slightly  different  from  the  body  wall  of  the 
adults  and  nymphs. 

Methods  and  Materials 

There  are  several  factors  which  can  cause  the  embryos  in  an  ootheca 
to  respond  differently  to  outside  stimuli.  After  reviewing  certain  refer- 
ences,   the    following    factors    should    be    considered    in    the    insecticidal 


1  The    data   presented    here    was    obtained    in    preparation    of   a    Master's 
thesis  at  Purdue  University. 

2  Purdue    University,    Agricultural    Equipment    Station,    Journal    Paper 
No.   1357. 
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treatment  of  the  oothecae,  namely  method  of  treatment,  length  of 
exposure  to  the  solution  of  the  insecticide,  temperature  during  incuba- 
tion, age  of  oothecae  at  the  time  of  treatment,  different  insecticides, 
and  different  concentrations  of  each  insecticide.  Eight  oothecae  were 
used  in  each  test. 

Method  of  Oothecal  Treatment.  Two  methods  were  used;  one  con- 
sisted of  submerging  the  ootheca  in  a  solution  of  the  desired  insecticide 
and  the  other  of  topical  applications  to  a  portion  of  the  ootheca.  Sub- 
mergence time  was  either  one  second  or  fifteen  seconds.  In  one  test 
the  oothecae  were  submerged  for  one  minute.  In  the  topical  treatments, 
only  one  of  the  four  areas  on  the  oothecal  wall  was  treated  in  each  test. 
These  areas  receiving  topical  treatment  were  the  keel,  side,  bottom, 
and  end. 

Temperature  During  Incubation.  The  oothecae  were  incubated  at 
85°  F.  or  76°  F.  This  difference  of  9  degrees  resulted  in  approximately 
two  and  one-half  weeks  difference  in  hatching. 

Age  of  Oothecae  at  Time  of  Treatment.  Oothecae  were  treated  at 
one  of  three  different  ages,  immediately  after  formation,  approximately 
halfway  through  incubation,  or  just  before  hatching. 

Insecticides,  Concentrations,  and  Carrier.  There  are  a  number  of 
commercial  insecticides  which  are  used  to  control  cockroaches.  Six 
of  those  in  common  use  were  selected  for  treating  the  oothecae.  The 
concentrations  used  in  this  experiment  were  similar  to  those  commonly 
used  in  control  practices.  These  insecticides  and  their  concentrations 
were:  DDT  at  2,  4,  and  8  percent;  chlordane  at  1,  2,  and  4  percent; 
dieldrin  at  0.5  and  1  percent;  lindane  at  0.75  and  1  percent;  malathion 
at  1,  2,  and  4  percent;  and  diazinon  at  0.5,  1,  and  2  percent.  This 
experiment  was  designed  to  determine  if  the  insecticide,  without  the 
aid  of  a  carrier,  could  penetrate  the  oothecal  wall  and  stop  embryonic 
development.  Acetone  was  used  as  a  carrier  as  it  evaporated  quickly 
and  left  the  oothecae  coated  only  with  the  insecticide. 

Results  and  Conclusions 

(1).  Embryonic  development  of  the  American  cockroach  eggs  was 
not  inhibited  by  DDT,  chlordane,  dieldrin,  lindane,  or  malathion.  Oothe- 
cae which  were  submerged  for  either  15  seconds  or  one  minute  in  a 
2  percent  acetone  solution  of  diazinon  just  before  they  would  normally 
hatch  showed  inhibition  of  hatching. 

(2).  Some  of  the  oothecae  exposed  to  the  various  treatments  had 
malfunctioning  nymphs  emerge.  These  nymphs  appeared  to  be  com- 
pletely developed  but  did  not  shed  their  embryonic  skin;  also,  they 
died  shortly  after  emergence.  All  of  the  insecticides  used,  except  DDT, 
caused  some  malfunctioning  nymphs  to  emerge.  Topical  treatments 
indicated  that  this  condition  was  caused  by  the  presence  of  insecticides 
in  the  tubes  of  the  keel,  the  chemical  being  first  available  to  the  insects 
as  they  started  emerging.  The  results  obtained  with  diazinon  indicated 
that  a  deeper  toxic  penetration  was  realized  through  the  keel  which 
prevented  completion  of  embryonic  development  in  some  eggs.  Neither 
embryonic   development  nor  normal  nymphal  emergence  was  inhibited 
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in  oothecae  receiving  topical  treatments  on  either  the  side  or  bottom. 
Therefore,  it  appeared  that  the  insecticide  did  not  gain  entrance  directly- 
through  the  oothecal  wall. 

(3).  More  abnormal  nymphs  emerged  from  oothecae  treated  close 
to  "hatching-time"  than  from  those  treated  immediately  after  formation 
or  those  treated  halfway  through  incubation.  Probably  two  factors 
were  involved,  the  residual  life  of  the  insecticide  in  the  tubes  in  the 
keel  and  the  degree  of  development  that  the  embryo  had  achieved  at  the 
time  of  treatment. 

(4).  Temperature  during  incubation  had  no  effect  on  the  action 
of  the  materials  tested. 

(5).  With  the  exception  of  DDT  and  diazinon,  the  different  con- 
centrations of  the  insecticides  caused  about  the  same  amount  of  abnor- 
mality. A  2  percent  diazinon  solution  caused  more  abnormality  than 
either  the  0.5  or  1  percent.  None  of  the  concentrations  of  DDT  caused 
abnormality. 

(6).  Time  of  exposure  to  the  various  insecticides  had  little  effect 
on  the  results  obtained  except  in  the  case  of  diazinon  which  produced 
greater  toxic  response  with  longer  exposure. 

(7).  The  percentage  of  normal  cockroaches  that  emerged  in  these 
tests  indicated  that  satisfactory  control  could  not  be  obtained  by  the 
application  of  an  acetone  solution  of  these  insecticides  to  the  American 
cockroach  ootheca. 
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Biological  Interrelationships  in  Mud-Dauber1   Nests  with 
Special  Reference  to  Osmia  cordata  Robt. 

Leland  Chandler,  Purdue  University 

The  mud  nests  constructed  by  the  sphecid  wasps,  Sceliphron  caemen- 
tarium  (Drury)  and  Trypoxylon  politum  Say,  are  commonly  observed 
in  outbuildings,  under  bridges  and  other  protected  places.  The  life 
history  of  each  of  these  species  has  been  recorded  numerous  times  in 
the  literature  with  the  works  of  Rau  (11,  13)  on  both  species  and  that 
of  Shafer  (17)  on  S.  caementarium  being  most  inclusive  and  most  perti- 
nent to  this  study.  A  more  complete  listing  of  species  biology  was  given 
in  Muesebeck,  et  al  (9). 

Both  mud-dauber  species  mass  provision  their  cells  with  spiders. 
Whether  the  wasps  develop  and  emerge  as  adults  or  fall  victims  to 
parasites  or  predators  during  their  development,  there  is  a  residue  of 
animal  parts  in  each  cell.  Thus,  there  develops  in  nearly  every  nest 
a  scavenger  fauna  (cabinet  beetles,  spider  beetles,  psocids,  etc.).  Linsley 
(7)  has  presented  an  excellent  discussion  of  this  fauna.  In  some  in- 
stances, these  scavengers  enter  a  nest  before  the  wasps  have  emerged 
and  destroy  the  wasps  in  the  role  of  predators  rather  than  as  scavengers. 
Completing  this  interesting,  interrelated  complex  of  nest  inhabitants, 
there  are  certain  wasps  and  bees  which  utilize  the  mud-dauber  nests 
as  sites  for  their  own  nests.  Among  this  latter  group  are  two  species 
of  mason  bees,  Osmia  cordata  Robertson  and  Osmia  lignaria  Say,  the 
former  species  utilizing  the  nests  of  mud-daubers  almost  to  the  exclusion 
of  other  sites. 

Osmia  cordata,  A  Review 

0.  cordata  was  described  by  Robertson  (14)  from  Carlinville,  Illi- 
nois. Cockerell  described  the  species  in  1906  (1)  from  Boulder,  Colorado 
under  the  names,  O.  hesperella  and  0.  coloradella,  and  in  1907,  that 
author  (2)  described  the  species  as  O.  ramaleyi  from  Boulder.  Later, 
he  (3)  expressed  the  opinion  that  the  three  names  applied  to  a  single 
variable  species  and  in  1928  (4)  indicated  this  in  key  form.  In  1935, 
he  (5)  described  O.  figginsi  from  Elbert,  Colorado.  In  1939,  Sandhouse 
(16)    placed   all  of  Cockerell's   names  in   synonomy  of   O.   cordata. 

The  distribution  of  the  species  as  given  by  Sandhouse  (16),  was: 
Illinois,    Missouri,    North    Dakota,    Colorado    and    New    Mexico. 

Rau  (12)  has  published  on  the  life  history  of  O.  cordata  and  of 
O.  lignaria,  a  species  occupying  similar  nest  sites  but  appearing  earlier 
in  the  spring  and  of  much  more  common  occurrence.  A  brief  summary 
of  the  life  history  of  O.  cordata,  as  recorded  by  Rau    (12)   follows: 

Both  sexes  overwintered  as  adults  within  a  cocoon  and  emerged  at 
approximately  the  same  time   (April  22-May  2).    Mating  occurred  upon 
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emergence  and  females  began  nidification  in  some  appropriate  site, 
usually  mud-dauber  nests.  Cells  were  fashioned  by  partitioning  existing 
galleries  with  chewed  leaf  pulp.  It  was  observed  that  females  developed 
in  cells  of  a  larger  size  than  those  in  which  males  developed.  In  1930, 
the  first  adult  emerged  May  2  and  cocoon  formation  of  the  developing 
brood  was  complete  on  June  4.  Adults  were  present  in  the  cocoons  in 
late  summer  or  early  fall.  The  flight  period  of  the  species  was  from 
five  to  six  weeks  with  a  single  generation  per  year.  The  sex  ratio 
(based  on  1926  emergence  data)  was  recorded  at  29  males  and  12 
females. 

Rau  (12)  recorded  Monodontomerus  montivagus  Ashmead  as  a  para- 
site of  O.  cordata  and  Hicks  (6)  recorded  Sapyga  emarginata  Cresson 
as  parasitizing  this  species  in  Colorado. 

Reference  to  the  nesting  sites  of  0.  cordata  are  relatively  numerous 
and  these  are  summarized  in  Table  1. 


TABLE  1 

Nest  Sites  Utilized  by  O.  cordata  Robt. 


Site 

Locality 

Reference 

Holes  in  wall 

Boulder,  Colo. 

Cockerell   (3) 

Sceliphron  nests 

St. 

Louis,  Mo. 

Turner   (19),   Rau    (10) 

Sceliphron  and  Trypoxylon 

nests 

— do— 

Rau  and  Rau   (13) 

Xylocopa  gallery 

Ki: 

rkwood,  Mo. 

Rau   (11) 

Sceliphron  nests 

White  Rocks,  Colo. 

Hicks   (6) 

Tunnels  of  Anthophora 

abrupta  and  Melitoma 

taurea 

St. 

Louis  area 

Rau    (12) 

Xylocopa  tunnels 

— do— 

— do— 

Sceliphron  and 

Trypoxylon  nests 

— do— 

—do— 

Polistes  nests 

— do— 

— do— 

Key  holes  in  house 

— do— 

— do— 

Artificial  galleries 

(trap  nests) 

— do— 

—do- 

Sceliphron  and 

Trypoxylon  nests 

EY5 

endship,   Ind. 

New  record 

Polistes  nest 

— do— 

— do — 

Cerambycid  galleries  in 

building  timbers 

— do— 

— do— 

Trap  nests 

(elderberry  stems) 

—do- 

—do— 

Flower  visitation  records  are  few,  there  being  more  records  of 
nests  and  nest  sites  than  of  field  captures.  Table  2  summarizes  these 
records  with  the  number  and  sex  of  each  bee  collected  in  parenthesis. 

Development  of  the  Study 

For  a  number  of  years  this  writer  had  observed  mason  bees  utilizing 
the  nests  of  mud-daubers,  the  nests  occurring  in  great  numbers  in  a 
tool  and  grain  storage  shed  on  the  W.  S.  Lemon  farm  at  Friendship, 
(Ripley  County)  Indiana.  In  1956,  several  nests  of  Sceliphron  caemen- 
tarium  were  collected  and  series  of  Osmia  cordata  and  O.  lignaria  re- 
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TABLE  2 
Flower  Visitation  Records  of  0.  cordata  Robt. 


Flower  Species 


Locality 


Reference 


Cardamine  bulbosa  (o") 
Rubus  canadeyisis  (  ?  ) 
Trifollum  hybridum  (?) 
T.  pratense  (  $  ) 
T.  rep  ens  (  $  ) 

Astragalus  goniatus  (?,  d") 
A.  tenellus 
Aesculus  glabra  (d") 
Phlox  divaricata  itf) 
Gilia  calcarea  (d") 
Lithospermum  canescens  (d") 
Salvia  officinalis  (?) 
Pentstemon  hirsutus  (  $ ,  c?  ) 
Taraxacum  taraxacum,  (cT) 


Carlinville,   111. 

— do— 

— do— 

— do— 

—do- 
Boulder,  Colo. 
Bowman,  N.  D. 
Carlinville,   111. 

— do— 
Elbert,   Colo. 
Carlinville,   111. 
Tippecanoe  Co., 
Carlinville,  111. 
Boulder,   Colo. 


Ind. 


Robertson   (15) 

—do— 

— do — 

— do— 

— do— 
Cockerell   (2) 
Stevens   (18) 
Robertson   (15) 

— do— 
Cockerell   (5) 
Robertson    (15) 
Montgomery   (8)3 
Robertson   (15) 
Cockerell   (2) 


moved  from  their  cocoons.  During  the  winter  of  that  year,  a  nest  of 
Polistes  fuscatus  pallipes  Lepeletier  was  removed  from  the  outbuilding 
and  returned  to  the  laboratory.  The  nest  contained  a  number  of  empty 
polistine  cells,  nine  of  which  had  been  sealed  over  with  leaf  pulp  and 
one  cell  which  had  been  sealed  with  mud.  The  nest  was  held  in  the 
laboratory  until  the  bees  emerged.  From  the  cells  capped  with  leaf 
pulp,  nine  individuals  of  O.  cordata  emerged.  The  sexes  and  dates  of 
emergence  in  1957  were:  March  11  ($),  12  ($),  13  (S),  16  (2$$), 
18  ($),  22  (3  9),  23  (9).  A  female  of  O.  lignaria  emerged  from  the 
mud  cell  during  this  period. 

At  various  intervals  during  the  1957  season,  occasional  nests  of 
5.  caementarium  and  T.  politum  were  removed  from  this  outbuilding. 
Examination  revealed  that  a  very  high  percentage  of  the  cells  of  O. 
cordata  were  being  entered  by  the  larvae  of  Trogoderma  spp.  The 
larvae  of  Trogoderma  destroyed  the  pupa  or  adult  in  every  cell  entered 
and  appeared  to  be  a  major  factor  in  keeping  the  0.  cordata  population 
at  a  low  level. 


The  Nest  Environment  of  O.  cordata 

On  May  6,  1958,  prior  to  the  emergence  of  O.  cordata,  a  large 
number  of  mud-dauber  nests  were  removed.  Table  3  is  a  summary  of 
this  study. 

From  Table  3,  it  can  be  seen  that  less  than  half  (44.7  percent) 
of  the  cells  constructed  by  O.  cordata  females  gave  rise  to  adults. 
Predators  and  parasites  destroyed  developing  individuals  in  40.4  percent 
of  the  cells  of  which  species  of  Trogoderma  accounted  for  the  destruction 
of  34  percent.  Diseases,  dessication  and  unknown  factors  were  responsible 
for  the  failure  of  bees  to  develop  in  14.9  percent  of  the  cells. 

A  second  factor  of  importance  in  considering  the  scarcity  (as 
observed  by  this  writer)   of  the  species  is  the  unequal  sex  ratio  super- 


1  Reported   as   O.   coerulescens    (L.).     All   references,   except  one   female,   do 
apply  to  O.  coerulescens  including  the  records  on  Salvia. 
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TABLE  3 
Summary    of    the    Development    of    O.    cordata    in    Mud-Dauber    Nests 

(Friendship,  Indiana,  May  6,  1958) 


No. 

No. 

died 

No. 

No. 

No. 

other 

from 

0.  cordata 

adults 

destroyed  by 

parasites 

other 

Nest2 

cells 

emerged 

Tr 

ogoderma 

or  predators 

causes 

1 

10 

10 

0 

0 

0 

2 

3 

(i 

2 

0 

1 

3 

1 

0 

0 

0 

1 

1 

6 

3 

3 

0 

0 

r> 

9 

2 

1 

23 

1 

6 

6 

2 

1 

0 

o 

7 

3 

1 

2 

0 

0 

8 

5 

2 

o 

1* 

2 

9 

1 

1 

0 

1) 

1) 

10 

3 

0 

1 

0 

2 

Totals 

17 

21 

16 

3 

7 

Percent 

100 

44.7 

34.0 

6.4 

14.9 

imposed  upon  an  already  small  population.  Rau  (12)  noted  this  dispro- 
portion of  sexes  in  the  St.  Louis  area  where  he  recorded  the  ratio  as 
about  2.5:1  (29  6":  12  2).  As  previously  mentioned,  the  sex  ratio  of 
individuals  of  O.  cordata  which  emerged  from  the  nest  of  Polistes 
fuscatus  pallipes  was  2:1  (6  S  :3$  ).  Of  the  21  individuals  which  emerged 
from  the  mud-dauber  nests  (Table  3),  the  ratio  was  again  2:1  (14<$  :7$  ). 
If  it  is  assumed  that  the  cells  found  in  each  nest  are  the  product  of  a 
single  female  (and  this  appears  to  be  true),  then  from  a  total  of  10 
nests  in  1958,  only  seven  females  emerged,  a  population  decrease  of  30 
percent. 

Rau  (12)  noted  that  the  population  of  O.  lignaria  increased  during 
the  years  in  which  he  observed  this  species.  The  population  of  O.  cordata, 
during  this  same  period,  remained  low  throughout.  A  similar  condition 
has  been  observed  during  this  study.  There  are  evidences  that  may 
account  for  these  observed  differences: 

1.  O.  lignaria  emerges  4-6  weeks  before  O.  cordata  and,  therefore, 
has  the  advantage  of  site  selection. 

2.  The  sex  ratio  according  to  Rau  (12),  is  nearly  equal  in  O. 
lignaria  (203^:200$)  or  slightly  in  favor  of  males  (11^:72).  Ob- 
servations of  this  writer  on  O.  lignaria  show  about  a  1:1  ratio.  The 
sex  ratio  of  O.  cordata,  as  stated  previously,  favors  males  2.5:1  to  2:1. 

3.  O.  lignaria  uses  mud  for  cell  construction  and /or  partitions. 
These  hardened  mud  partitions  appear  to  be  effective  barriers  against 
predators  and  parasites,  especially  against  the  depredations  of  Trogo- 
derma. 


2  Nests  1-9  were  those  of  S.  caement avium  ;  nest  10  of  T.  politum. 

3  Ptinus  hirtellus  Sturm. 

4  Hymenopterous  parasites — no  adults  remained  for  determination. 
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O.  cordata  uses  leaf  pulp  and  tends  to  partition  existing  spaces 
without  constructing  cells.  The  pulp  partitions  are  readily  penetrated 
by  predators  and  parasites. 

4.  O.  lignaria  thoroughly  cleans  the  mud-dauber  gallery  before 
provisioning.  O.  cordata  also  cleans  the  galleries,  but  in  the  case  of 
Trypoxylon  nests,  the  females  will  utilize  the  broken  cocoons  of  the 
wasp,  cleaning  only  the  inside  of  the  cocoon  and  leaving  living  Trogo- 
derma  larvae  in  the  area  surrounding  the  cocoon. 

5.  Trogoderma  spp.  are  almost  always  present  in  the  nests  of 
both  mud-dauber  species  if  the  nest  is  imperfectly  constructed,  broken 
or  cracked,  or  following  the  emergence  of  a  wasp  or  its  parasites  from 
the  nest. 

Summary  and  Conclusions 

Studies  of  nests  of  O.  cordata,  which  were  constructed  within  the 
nests  of  mud-daubers,  S.  caemeyitarium  and  T.  politum,  showed  that 
adult  bees  emerged  from  only  44.7  percent  of  the  cells  constructed. 
Predators  and  parasites  destroyed  the  bees  in  40.4  percent  of  the  cells 
and  diseases,  dessication  and  unknown  factors  were  responsible  for 
the  failure  of  14.9  percent.  The  depredations  of  Trogoderma  spp.  were 
alone  responsible  for  destroying  34  percent  of  the  cells. 

In  1958,  from  a  series  of  10  nests,  each  assumed  to  be  the  product 
of  a  single  female,  a  total  of  7  females  emerged.  Reasons  cited  which 
may  contribute  to  the  low  local  population  were  given  as:  1)  interspecific 
competition  for  nest  sites,    2)  disproportionate  sex  ratio  favoring  males, 

3)  ineffectiveness  of  leaf  pulp  as  a  barrier  to  predators  and  parasites, 

4)  failure  to  clean  galleries  or  the  tendency  to  use  contaminated  cells, 
and  5)  the  omnipresence  of  scavengers  which  act  as  predators  upon 
the  developing  bees. 
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The  Insect  Fauna  of  Apple  Trees  in  Southern  Indiana, 
1956  and  1957 

M.  L.  Clevelandi  and  D.  W.  Hamilton,  Entomology  Research  Division, 
Agr.  Res.  Serv.,  U.S.D.A.,  Vincennes,  Ind. 

Large  blocks  of  trees,  one  in  each  of  two  apple  orchards  in  Indiana, 
were  maintained  on  ryania-lead  arsenate  insecticide  and  organic-fungi- 
cide spray  schedules  in  1956  and  1957  by  grower  cooperators  to  determine 
the  degree  of  insect  control  that  could  be  secured  with  such  schedules. 
Control  was  compared  with  that  in  similar  adjacent  blocks  sprayed 
with  materials  of  the  growers'  choosing,  chiefly  DDT  and  organo- 
phosphorus  insecticides  and  organic  fungicides.  One  of  these  blocks, 
located  in  the  Vincennes  area,  consisted  of  20  acres  of  6-year-old  trees 
that  had  just  begun  to  bear,  which  had  not  previously  been  heavily 
sprayed  with  chemicals  known  to  be  destructive  to  beneficial  insects. 
The  second  block,  near  Linton,  consisted  of  about  10  acres  of  mature 
trees  that  had  been  sprayed  with  DDT  for  10  years  and  with  parathion 
for  the  last  5  years.  There  was  thus  afforded  an  excellent  opportunity 
to  compare  the  effects  of  the  markedly  different  conditions  and  exposures 
to  spray  chemicals  on  the  insect  fauna  in  the  two  blocks. 

Twenty-eight  collections  were  made  in  the  two  blocks.  Collections 
from  different  apple  varieties  were  combined  and  treated  as  one  from 
each  block;  therefore,  only  nine  collections  are  recorded  from  the  two 
blocks.  The  insects  were  dislodged  from  the  trees  by  application  of  a 
57.2  percent  pyrethrum-rotenone  emulsifiable  concentrate  at  25  ounces 
per  100  gallons  of  water.  After  the  first  collection  3  pounds  of  a  25 
percent  malathion  wettable  powder  was  added  to  prevent  revival  and 
escape  of  some  of  the  specimens. 

The  insects  were  collected  from  a  12  x  12  foot  light-colored  canvas 
sheet  under  the  trees  on  the  leeward  side  in  1956  and  from  two  1-square- 
yard  frames  covered  with  white  muslin  in  1957.  The  muslin-covered 
frames  were  superior  to  the  canvas  sheet.  Recovery  of  insects  was 
started  30  minutes  after  the  sprays  were  applied.  No  effort  was  made 
to  collect  species  that  might  not  have  been  knocked  from  the  trees 
by  the  spray. 

The  insects  collected  in  the  two  blocks  are  given  in  Table  1.  More 
insects  were  collected  from  the  ryania-lead  arsenate  blocks  than  from 
the  DDT-organophosphorus  blocks,  but  the  small  numbers  of  many 
species   give   cause   to   doubt  the   significance   of  the   differences. 

1  The  authors  gratefully  acknowledge  the  assistance  of  the  following  specialists 
in  identifying  insect  specimens  :  Neuroptera,  Sophie  Parfin  ;  Thysanoptera,  Kellie 
O'Neill ;  Hemiptera,  R.  I.  Sailer ;  Homoptera,  J.  P.  Kramer,  L.  M.  Russell  and 
D.  A.  Young  ;  Coleoptera,  R.  S.  Beal,  O.  L.  Cartwright,  E.  A.  Chapin,  J.  G.  Rosen, 
T.  J  Spilman,  G.  B.  Vogt,  L.  M.  Walkley,  R.  E.  Warner  and  D.  M.  Weisman ; 
Lepidoptera,  H.  W.  Capps  and  J.  F.  G.  Clarke ;  Diptera,  R.  H.  Arnaud,  W.  L. 
Downes,  Jr,  R.  H.  Foote,  C.  W.  Sabrosky,  A.  Stone  and  W.  W.  Wirth ;  and 
Hymenoptera,  B.  D.  Burks,  K.  V.  Krombein,  C.  F.  W.  Muesebeck,  M.  R.  Smith, 
L.  M.  Walkley  and  L.  H.  Weld. 
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TABLE  1 

Insects  collected  from  blocks  in  two  apple  orchards  in  Indiana  that  had 
been  treated  with  different  insecticides 


Insects    Collected 


Ryania — Lead  Arsenate 


DDT — Org-anic 
Phosphorus 


Vincennes 


Linton       Vincennes      Linton 


Aug.  June  Aug.  Aug.  Aug.    Aug.  June  Aug.  Aug. 

22    19    16    23    27    22    19    16    23 
1956  1957  1957  1956  1957   1956  1957  1957  1956 


COLLEMBOLA.  Undet. 

ORTHOPTERA 
Gryllidae 

Oecanthus   spp.  2 

Acrididae.  Undet. 
Mantidae 

Staqmomantis  Carolina 
(Johannsen) 
Tettigoniidae.    Undet. 

NEUOPTERA 
Chrysopidae 

Chrysopa  quadripunctata  Burm. 
ruftlabris  Burm.  10 

sp.  ruftlabris  group 
Hemerobiidae 

Hemerobius  sp.  nr. 

stiqmaterus  Fitch 
Micromus  posticus 

(Walker)  1 

EPHEMERIDA.    Undet.  5 

ODONATA.   Undet. 

PLECOPTERA.  Undet. 

CORRODENTIA.   Undet.  1 

MALLOPHAGA.  Undet. 

THYSANOPTERA 
Thripidae 

Chirothrips,  sp.  nr.  or 

—  crassus  Hinds 
Chriothrips  sp.  pr.  demestic 

sp.  pr.  mexicanus 
Crawf. 
Franlcliniella  fusca   (Hinds) 
Limothrips  cerealium  Hal. 
Sericothrips  sp.  variabilis  group 
Phlaeothripidae.  Undet. 
Leptothrips  mali  (Fitch) 
Leptothrips  sp. 

HRMIPTERA 
Anthocoridae 

Orius  insidiosus   (Say)  2 

Coreidae 

Ilarmostes  reftexulus    (Say) 


17  4 


27        20 


1  1 


36 


II 


IS 


146 


5  4 


5        17        43 


1  1 

1 


2  16 

2 
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Insects    Collected 


Ryania — Lead  Arsenate 


DDT — Organic 
Phosphorus 


Vincennes 


Linton       Vincennes       Linton 


Aug.  June  Aug.  Aug.  Aug.    Aug.  June  Aug.  Aug. 

22    19    16    23    27    22     19    16    23 
1956  1957  1957  1956  1957   1956  1957  1957  1956 


Lygaeidae 

Kleidocerys  reseclae 

Geocoris  uliqinosus  (Say) 

geminatus  Say 

Miridae 

Ceratocapsus  incisus  Knight 

1 

Chlamydatus  associatus 

(Uhler)                                          1 

Beraeocoris  nebulosus  (Uhler) 

1 

1 

Eurychilopterella  hiridula  Reuter 

7 

3 

Halticus  bracteatus    (Say) 

13 

1 

7 

Hyaliodes  harti  Knight              2 

2 

3 

59 

vitripennis  var. 

discoidalis  Reuter 

13 

7 

Hyaliodes  spp. 

3 

Hi 

Lygus  lineolaris    (P.deB.)           2 

Phytocoris  breviusculus  Reuter 

17 

7 

Plagiognathus  politus  var.         1 

flaveolus  Knight 

Reuteroscopus  omatus  (Reuter) 

1 

1 

Nabidae 

Nabis  rosipennis  Reuter             1 

2 

Pentatomidae 

Brochymena   quadripnstulata  4 

3 

5 

1 

(F.) 

Euschistus  servus  (Say) 

variolarius  (P.deB.) 

1 

sp. 

8 

Mormidea  lugens   ( F. ) 

Piesmidae 

Piesma  cinerea  (Say) 

1 

1 

Tingidae 

CorytJmcha  arcusta  (Say) 

ciliata  (Say) 

1 

OMOPTERA 

Aphidae  Undet.                                    1 

11 

2 

Aphis  spp. 

9 

16 

Macrosiphum  spp. 

1 

1 

Rhopalosiphum  maidis  (Fitch) 

Rhopalosiplium  sp. 

1 

Aphini 

3 

Cercopidae 

Philaenus  leticoplithalmus  (L). 

8 

14 

4 

Cicadellidae  Undet. 

i:\ 

Aceratagallia  sp. 

l 

Agallia  consticta   (Van  D.) 

1 

Balclutha   sp. 

t 

Dikranexira  sp. 

2 

Empoasca  fabae   (Harris) 

1 

3 

Endria  mimica  (Say) 

1 

10        10 


12 
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Ryania — Lead  Arsenate 


DDT — Organic 
Phosphorus 


Vincennes 


Linton       Vincennes      Linton 


Insects    Collected 


Aug.  June  Aug.  Aug.  Aug.  Aug.  June  Aug.  Aug. 

22   19   16   23   27   22    19   16   23 
1956  1957  1957  1956  1957  1956  1957  1957  1956 


Erythroneura  lawsoniana  Bak.  6 

146 

450 

165 

spp. 

2 

6 

Forcipata   loca  D.  &  C. 

1 

2 

Graminella  nigrifrons   (Forbes) 

1 

Graphocephala  coccinea  (Forster) 

2 

Paraphlesius  irroratus  (Say)   1 

10 

11 

Scaphytopius  acutus  (Say)       2 

3 

L3 

2          1 

frontalis 

2 

10 

2 

3 

sp. 

Xestcephalus  pulicarius  Van.  D. 

1 

Flatidae 

Metcalfa  pruinosa    (Say)          4 

5 

2            1 

3 

Fulgoridae 

Bruchomorpha  oculata  Newman 

1 

Delphacodes  puella  (Van  D.) 

1 

Issidae 

Acanalonia  conica  (Say)            1 

1 

Membracidae 

Stictocephala  basalts   (Wlk. ) 

1 

3 

COLEOPTERA 
Anobiidae 

Catorama  sp. 
Anthicidae  Undet. 

Notoxus  spp. 
Bruchidae 

Meibomeus  sp. 
Cantharidae  Undet. 
Chrysomelidae 

Baliosus  ruber  (Weber) 
Chaetochema  confinis  Cr. 
pulicaria 
Melch.  1 

Diabrotica  undecimpunctata      4 

howardi  Barber 
Diachus  auratus  ( Fab. )  2 

Epitrix  fuscula  Crotch  2 

hirtipeimis  Melsh. 
Glyptina  spuria  Lee.  1 

sp. 
Longitarsus  testaceus 
(Melsh) 

sp.  pr.  liurbatus 
Horn. 

Cleridae 

Phyllobacnus  sp.  pr. 

humeralis 
(Say) 
sp. 
Cisidae 
Cis  sp. 
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Insects    Collected 


Ryania — Lead  Arsenate 


DDT — Organic 
Phosphorus 


Vincennes 


Linton       Vincennes       Linton 


Aug".  June  Aug.  Aug.  Aug.    Aug.  June  Aug.  Aug. 

22        19        16        23        27        22  19        16        23 

1956   1957   1957   1956   1957      1956   1957   1957   1956 


Coccinellidae  Undet.  X*  X 

Aclalia  bipunctata  (L.)  X 

Cephaloscymnus  zimmer- 

manni  Cr.  X  X 

Chilocorus  stigma  (Say)  X 

Coleomagilla  maculata 

(DeG.)  X 

Oycloneda  munda  (Say)  X 

Hippodamia  convergens 

Guer.  X 

Sp.  X 

Hyperaspis  undulata  (Say)  X  X 

Microweisea  misella  (Lee.)  X  X 

Psyllobora  20-maculata 

(Say)  X 

Stethorus  punctum  (Lee.)        XXX  XX 

Corylophidae  Undet.  1 

Curculionidae 

Anthonomus  nigrinus  Boh.  1  1 

Smicronyx  spp.  12  2  12 

Histeriidae 

Hister  sp.  1 

*  "X"     indicates     occurrence     of     species — exact     number     collected     not 
available. 

Lampyridae  Undet.  1 

Lathridiidae 

Melanphthalma  sp.  pr. 

distinguenda  (Com.)  1 

Melanphthalma  spp.  4  2  11  1 

Corticarini  1 

Meloidae 

Epicauta  pestifera  Werner         2 
Nitidulidae 

Cryptarcha  ?  strigatula 

Pars.  1 

Phalacridae  Undet.  1  1 

Scaphidiidae 

Scaphisoma  or  Baeocera  sp.  1 

Staphylinidae  Undet.  2  12  12  4 

Tenebrionidae 

Tribolium  castaneum  (H.)  sp.  1  1  1 

TRICHOPTERA  Undet.  1  111 

LEPIDOPTERA 

Blastobasidae  Undet.  3 

Coleophoridae 

Coleophora  sp.  1 

Crambidae  Undet.  1 

Gelechiidae  Undet.  1 

Geometridae  Undet.  z 

Gracilariidae  Undet.  1 

Callisto  sp.  1  10 
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Insects    Collected 


Ryania — Lead  Arsenate 


DDT — Organic 
Phosphorus 


Vincennes 


Linton       Vincennes       Linton 


Aug.  June  Aug.  Aug.  Aug.    Aug.  June  Aug.  Aug. 

22        19        16        23        27        22  19        16        23 

1956   1957   1957   1956   1957      1956   1957   1957   1956 


Olethreutidae  Undet. 
Noctuidae 

Prodenia  sp. 
Pterophoridae  Undet. 
Tineidae  Undet. 
Tortricidae 

Clepsis  ?  sp. 

Platynota  sp. 

DIPTERA 
Agromyzidae 
Agromyza  sp. 
Liriomyza  spp. 
Phyobia  sp. 
Anthomyzidae 
Anthomyza  sp. 
Mumetopia  occipitalis  Mai. 
Asilidae 

Atomosia  sp. 
Calliphoridae 

Phaenicia  caeruleivridis 
( Maeq. ) 
Chamaemyiidae 

Chamaeyia  juncorum  (Fall.) 
Leucopis  spp. 
Chloropidae 

Chaetochlorops  inquilina 

(Coq.) 
Chlorops  abdominaUs  Coq. 
certima  Ad. 
unicolor  Lw. 
Elachiptera  costata  (Lw. ) 
erythropleura 

Sabr. 
nigriceps  (Lw.) 
Eriobolus  longulus  (Lw. ) 
Hippelates  bishoppi  Sabr. 

dissidens  (Tuck.) 
pallipes  (Lw.) 
particeps  (Beck ) 
plebejus  Lw. 

Madiza  cinerea  ( Lw. ) 

parva  (Ad.) 

setulosa  Mall. 

trigramma  (Lw.) 

sp. 
Oscinella  carbonaria  (Lw. ) 
coxcndix  (Fitch) 
flavescens  (Tuck) 
melancholica  Beck 
neocoxendix  Sabr. 


12 
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Ryania — Lead  Arsenate 


DDT — Organic 
Phosphorus 


Vincennes 


Linton       Vincennes       Linton 


Insects    Collected 


Aug.  June  Aug.  Aug.  Aug.  Aug.  June  Aug.  Aug. 

22   19   16   23   27   22    19   16   23 
1956  1957  1957  1956  1957   1956  1957  1957  1956 


nudiuscula  (Lw.) 

2 

1 

umbrosa  (Lw. ) 

1 

6 

2 

1 

1 

1 

sp. 

1 

Thaumatomyia  bistriata 

(Walk) 

3 

glabra  (Mg.) 

7 

5 

12 

16 

15 

4          5 

4 

41 

Tricimba  trisulcata  (Ad.) 

1 

1 

1 

1 

1 

Culicidae 

Aedes  vexans  (Mg. ) 

4 

Dolichopodidae  Undet. 

1 

2 

1 

Chrysotus  spp. 

1 

2 

Condylostylus  sipho  (Say) 

1 

1 

spp. 

1 

2 

6 

1 

7 

9 

Medetera  spp. 

•1 

ti 

1 

2 

Paraphrostylus  sp. 

5 

Sciapus  sp. 

2 

Dorilaidae  Undet. 

4 

TOmosvdryella  sp. 

3 

Drosophilidae 

Chymomyza  amoena  (Loew) 

2 

1 

2 

1 

10 

Drosophila  melanogaster 

(Mg.) 

2 

spp. 

1 

2 

Leucophenga  sp. 

1 

Scaptomyza  sp. 

1 

2 

1 

2 

Empididae 

Drapetis  spp. 

1 

1 

6 

1 

Fungivoridae  Undet. 

5 

3 

1 

1 

Polyleptaspp. 

2 

1 

Zehnira  sp. 

2 

Heleidae 

Atrichopogon  sp. 

1 

1 

1 

Culicoides  crepuscularis 

Mall. 

1 

Ciilicoides  stellifer  (Coq.) 

1 

Dasyhelea  spp. 

1 

1 

Larvaevoridae  Undet. 

1 

2 

1 

3 

Actia  sp. 

1 

1 

Archytas  apicifer  Walk. 

1 

Chaetophlepsis  tarsalis  Tns. 

2 

3 

Gymnosoma  fuliginosa  R.  D. 

1 

Houghia  selipennis  Coq. 

1 

Myiophasia  sp. 

1 

Paradidyma  singularis 

(Tns.) 

1 

Psendochaeta  sp. 

1 

Wagneria  helyma  (Walk.) 

1 

Wagneria  sp. 

1 

Winthemia  rufopicta  ( Big ) 

1 

Winthemia  spp. 

1 

1 
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Insects    Collected 


Ryania — Lead  Arsenate 


DDT — Organic 
Phosphorus 


Vincennes 


Linton       Vincennes       Linton 


Aug.  June  Aug.  Aug.  Aug.    Aug.  June  Aug.  Aug. 

22        19        16        23        27        22  19        16        23 

1956   1957   1957   1956   1957      1956   1957   1957   1956 


Lauxaniidae 

Homoneura  nubila  Mel. 
Homoneura  sp. 
Minettia  lupulina  (P.) 
Minettia  spp. 
Sapromyza  spp. 
Lonchaidae  Undet. 
Lycoriidae 

Bradysia  spp. 
Milichiidae 

Phyllomyza  spp. 
Muscidae 

Coenosia  spp. 
Helina  sp. 
Odiniidae 

Odinia  sp. 
Otitidae 

Euxesta  notata  (Wied) 
Phoridae  Undet. 
Megaselia  spp. 
Sarcophagidae 

Sarcophaga  bullata  Parker 
derelicta  Walk. 
galeata  Aid. 
hunteri  Hough 
impar  Aid. 
ochracea  Aid. 
rapax  Walk. 
ventricosa 
V.  deW. 
(Chaetoravinia) 

sp. 
spp. 
Sciomyzidae 
Dicta  sp. 

Pherbellia  nana  (Fall.) 
Sphaeroceridae 

Leptocera  fontinaUs  Fall. 
spp. 
Stratiomyidae 

Sargus  sp. 
Syrphidae 

Alio  gr  apt  a  obliqna  (Say) 

sp. 
Mesograpta  geminata  (Say) 
marglnata 

( Say ) 
polita  (Say) 
Tendipedidae  Undet. 
Tepides  sp. 


1  1 


1  1 
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Insects    Collected 


Ryania — Lead  Arsenate 


DDT — Org-anic 
Phosphorus 


Vincennes 
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Tephritidae 

Euaresta  aequalis  (Lw. ) 
bella  (Lw. ) 
Tipulidae 

Limonia  divisa  Alex. 

domestica  (O.S. ) 
sp. 
Pales  ferrugineus  (F.) 

HYMENOPTERA 
Bethylidae 

Goniozus  columbianus 
Ashm. 

platynotae 
Ashm. 
Perisierola  cellularis  (Say) 
Braconidae 

Aliolus  n.  sp.  Mues. 
Apanteles  carpatus    (Say) 
militaris  (Walsh) 
pyralidis  Mues. 
n.  sp.  Mues. 
spp. 
Aphaereta  auripes  (Prov.) 
As  cog aster  spp. 
Aspilota  sp. 
Bracon  hebetor  (Say) 

juncicola  Ashm. 
sp. 
Heterospilus  bruchi  Vier. 

sp. 
Iphiaulax  sp. 
Macrocentrus  delicatus 

Cress. 
Microgaster  facetosa  Weed 
Microplitis  varicolor  Vier 
Opius  dimidiatus  Ashm. 

sp. 
Orgilus  gelechiae  Ashm. 

gelechiavorus  Cush. 
Phanerotoma  fasciata  Prov. 
RhysijJolis  n.  sp.  Mues. 
n.  sp.  Mues. 
n.  sp.  Mues. 
sp. 
Rogas  scrutator  (Say) 

sp. 
Urosigalphus  femoratus 
Cwfd. 

sp. 
Euphorinae  n.  g.,  n.  sp.  Mues. 


2 
1  1 
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Ceraphronidae 
Aphanogmus  sp. 
Lygocei"us  sp. 
Chalcididae 

Brachymeria  hammari 

(Cwtd.) 
Spilochalcis  side  (Walker) 
Cynipidae 

Callaspidia  provancheri 

Ashm. 
Ceroptres  sp. 
Charips  sp. 
Hexacola  spp. 
Kleidotoma  (Kleidotoma) 

sp. 
Trybliographa  (Trybliog- 
rapha)  sp. 

Diapriidae 

Phaenopria  sp. 
Elasmidae 

Elasmus  albicoxa  Haw 
Encyrtidae 

Achrysopophagus  dac- 

tylopii  (How.) 
Anagyrus  sp. 
Aphyciis  maculipes  How. 

rileyi  Timb. 
Blepyrus  sp. 
Bothriothorax  sp. 
Cerchysms  marylandicus 

Grit. 
Chrysoj)oj)hagus  compressi- 

cornis  Ashm. 
Glausenia  sp. 
Copidosoma  truncatellum 

(Dalm.) 
Discoides  sp. 
Homalotylus  terminalis 

(Say) 
Ooencyrtus  johnsoni  (How. ) 
Byrphophagus  sp. 
Xanthoencyrtus  sp. 

Eulophidae 

Aphelinus  mali  (Hald.) 

semiflavus  How. 
Chrysocharis  spp. 
Cirrospilus  Jiavicinctus  Riley 
Emersonopsis  sp. 
Eulophus  orgyiae  (Fh.) 


11 


3  2 
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Ryania — Lead  Arsenate 


DDT — Organic 
Phosphorus 


Vincennes 
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Euplectrus  frontalis  How. 
plathypenae 
How.  1 

Hemiptarsenus  sp. 

Horismenus  spp.  1 

Melittobia  chalybii  Ashni.  1 

Pediobius  sp. 

Physcus  varicornis  (How.) 
Pnigalio  sp.  1 

Solenotus  begini  (Ashm. ) 
Symiesis  bimaculatipennis 
(Grit.) 

spp. 
Tetrastichus  ainsliei  Gah. 
chrysopae 
(Cwfd.) 
coerulescens 

Ashm. 
hagenowii 
(Ratz.) 
marylandensis 

(Grit.)  1 

spp.  1 

Eupelmidae 

Anastatus  mirabilis 
(W.  &R.) 

sp. 
Eupelmus  spp. 
Eusandalum  sp. 
Unknown  genus 
Eurytomidae 

Bruchophagus  gibbus 

(Boh.)  2 

Eurytoma  spp. 
Harmolita  sp. 
Pormicidae 

Crematogaster  sp. 
Formica  sp. 
Iridomyrmex  pruinosus 

analis  Andre 
Lasius  alienus  (Foerster) 

niger  neoniger  Emery 
spp.  1  7 

Monomorium  minimum 

(Buckley)  35 

Myrmecina  sp. 
Myrmica  sabuleti  americana 

Weber 
Ponera  coarctata  Pennsyl- 
vania (Buckley) 


15 


2  2 

1  1 
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Stigmatomma  pallipes 

(  Hald. )                                           1 

Tapinoma  sessile  (Say)               3 

7 

7 

Halictidae 

Augochlora  pura  (Say) 

Lasioglossum  ( Chloralictus ) 

1 

stultum  Cr.  spp.                           1 

1 

4 

Ichneumonidae 

Ceratogastra  ornata  ornata 

(Say) 

1 

Diaglyptidea  spp. 

4 

Diaplazon  laetatorius  (F.)          1 

1 

Gelis  spp. 

1 

2 

Haplaspis  sp. 

1 

?  Hyposoter  sp. 

Mesochorus  spp.                             1 

2 

Mesostemis  ?  thoracicus 

Cress. 

Orthocentrus  spp.                           1 

5 

1 

Orthocentrini 

1 

Pimpla  aequalis  Prov. 

1 

1 

sp. 

1 

Plectiscinae 

1 

Plectiscini                                        1 

Stenomacrus  spp. 

12 

Mymaridae 

Lymaenon  fasciatus  (Grit. ) 

1 

sp. 

Orymyridae 

Orymyrus  sp. 

1 

Perilampidae 

Perilampus  sp. 

1 

Pompilidae 

Anopilus  (Pompilinus)  sp. 

Pompilus  sp. 

1 

Platygasteridae 

Platygaster  sp. 

Pteromalidae  Undet. 

3 

Asaphes  rifipes  Brues 

1 

Cheiropachus  colon  (L. ) 

Coelopisthia  bicarinata  Grit. 

Cyrtogaster  sp. 

Epistenia  sp. 

1 

Habrocytus  thridopterigis 

How. 

sp. 

Halticoptera  aena  (Walk.) 

28 

Heteroschema  sp. 

1 

Hypopteromatus  sp. 

10 


2    1 
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P achyneuron  sp. 
Rhopalicus  sp. 
Sphegigaster  sp. 
Sphegigasterini 
Tomicobia  sp. 
Zatropis  sp. 
Scelionidae 
Leptacis  sp. 
Telenomus  podisi  Ashm. 

spp. 
Trichasius  sp. 
Trimorus  sp. 
Trissolcus  brochymnae 
(Ashm.) 

euschisti  (Ashm.) 
podisi  Ashm. 
spp. 
Sphecidae 

Crossocerus  ambiguus 
(Dahlb.) 

impressifrons 

( Sm. ) 
spp. 

Ectemnius  lapidarius 
(Panz.) 

stirpicola 
(Pack.) 
Euplius  rufigaster  (Pack.) 
Ochleroptera  bipunctata 

(Say) 
Pemphredon  sp. 
Tiphiidae 

Tiphia  egregia  Mall. 

waldenii  (Vier. ) 
Torymidae 

Liodontomerus  longfellowi 
(Grit.) 
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Rural  Population  Density  in  Indiana 

John   Fraser  Hart,  Indiana  University 

It  is  my  purpose  here  to  consider  the  distribution  of  rural  popula- 
tion in  Indiana,  together  with  sources  and  techniques  for  ascertaining 
how  the  rural  population  is  distributed.  Many  of  my  suggestions  and 
ideas  are  generic,  rather  than  specific,  in  that  they  are  applicable 
throughout  the  areas  covered  by  the  1950  Census  of  Population.  It 
seems  appropriate  to  apply  these  generic  concepts  specifically  to  Indiana, 
however,  in  view  of  the  fact  that  Indiana  is  so  close  to  the  national 
demographic  norm  (3,  4). 

The  primary  statistical  source  of  information  on  numbers  of  people 
in  this  country  is  the  decennial  Census  of  Population,  which  divides 
total  population  into  three  categories,  urban,  rural  nonfarm,  and  rural 
farm.  The  urban  population  consists  essentially  of  those  people  living 
in  places  of  2,500  or  more,  plus  those  on  the  urban  fringes  of  cities  of 
50,000  or  more.    All  other  people  are  classified  as  rural. 

Within  the  rural  category,  however,  there  are  two  subdivisions, 
rural  nonfarm  and  rural  farm.  The  rural  farm  population  consists  of 
all  persons  living  on  farms,  regardless  of  occupation;  a  farm  was  defined, 
in  1950,  as  any  place  of  3  acres  or  more  with  sales  of  farm  produce 
amounting  to  $150  or  more.  The  rest  of  the  population,  the  people  who 
do  not  live  in  places  of  2,500  or  more  or  on  farms,  are  classified  as 
rural  nonfarm  population.  It  has  already  been  shown  that  there  is  a 
close  relationship  between  the  distribution  of  the  rural  nonfarm  popula- 
tion and  the  distribution  of  urban  centers  (1),  and  a  large  proportion 
of  the  rural  nonfarm  population  are  actually  people  who  live  in  clustered 
settlements  which  happen  to  lie  outside  the  Census  definition  of  urban 
places. 

It  would  seem,  therefore,  that  any  consideration  of  the  rural  popu- 
lation should  be  restricted  to  the  rural  farm  population,  as  this  is 
essentially  the  group  of  people  who  live  in  "open  country,"  as  opposed 
to  "clustered  settlements."  Furthermore,  it  appears  that  the  distribution 
of  the  rural  nonfarm  population  is  related  to  the  distribution  of  urban 
places,  whereas  the  distribution  of  the  rural  farm  population  seems 
to  bear  a  closer  relation  to  the  physical  environment  and  the  associated 
agricultural  economy.  One  would  suspect,  therefore,  that  the  density  of 
rural  farm  population  would  be  relatively  uniform  over  extensive  areas, 
or    regions,    with    gradual    transitions    in    density    from    one    region    to 
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another,  whereas  the  rural  nonfarm  population  tends  to  be  nucleated  on 
urban  foci.  It  would  seem  desirable,  in  fact,  to  portray  the  distribution 
of  the  rural  nonfarm  population  by  point  symbols,  reserving  area 
symbols  for  the  rural  farm  population,  which  is  the  only  one  of  the 
three  major  categories  which  is  actually  dispersed  across  the  countryside. 
The  rural  farm  population  density  pattern  is  different  in  the  two 
halves  of  Indiana.  In  the  northern  half  there  is  a  gradual  decline  from 
areas  of  greatest  density  in  the  east  to  areas  of  least  density  in  the 
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west  (Fig.  1).  The  pattern  in  the  southern  half  is  rather  more  complex, 
with  densities  ranging  a  bit  lower  than  the  state  average,  and  less 
variation  from  east  to  west.  There  are  scattered  counties  of  high  or 
low   density,   but   the    only   area   of   contiguous   counties   with   extreme 
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densities  is  the  group  of  counties  with  high  densities  in  the  south- 
eastern corner  of  the  state. 

Unfortunately,  data  on  the  rural  farm  population  are  not  published 
for  areal  units  smaller  than  counties.  Within  an  area  as  small  as 
Indiana,  the  patterns  revealed  by  use  of  data  by  counties  (average  size, 
393.5  square  miles)  are  undesirably  gross,  and  it  would  be  preferable 
to  use  data  for  townships  (average  size,  35.8  square  miles)  for  better 
comparison  with  the  fine  grained  geographic  patterns  of  other  distribu- 
tions within  the  state. 

Take,  for  instance,  the  seven  physiographic  sub-provinces  of  south- 
ern Indiana;  no  single  county  lies  wholly  within  the  Mitchell  Plain,  the 
Scottsburg  Lowland,  or  the  Muscatatuck  Regional  Slope.  Only  Brown 
County  is  entirely  within  the  Norman  Upland,  and  only  two  counties, 
Crawford  and  Perry,  lie  wholly  within  the  Crawford  Upland.  Only  five 
counties  are  wholly  within  the  Dearborn  Upland,  and  only  eight 
within  the  Wabash  Lowland.  Thus,  of  the  46  counties  which  lie  in  whole 
or  in  part  within  these  sub-provinces,  only  16  are  entirely  within  a 
single  province  and  can  be  considered  representative  thereof,  whereas 
three  of  the  seven  provinces  do  not  have  a  single  representative  county. 
Furthermore,  ten  counties  contain  parts  of  three  different  provinces, 
three  counties  contain  parts  of  four,  and  Putnam  County  has  the 
unique  distinction  of  containing  parts  of  five! 

Comparable  complications  could  be  cited  for  the  other  generally 
accepted  regional  subdivisions  of  Indiana,  and  it  seems  apparent  that 
attempts  at  geographic  investigation  within  the  state  should  be  based 
on  minor  civil  division  data  rather  than  on  county  data  if  this  is  at 
all  possible.  It  will  certainly  be  difficult,  because  appallingly  little 
Census  material  is  published  on  a  township  basis. 

In  the  case  of  population,  for  instance,  the  1950  Census  publishes 
the  total  population  of  each  township,  the  total  population  of  all  incor- 
porated places,  and  the  total  population  of  the  twelve  unincorporated 
places  having  more  than  1,000  persons.  By  subtracting  the  population 
of  clustered  settlements  from  the  total  township  population  it  is  possible 
to  estimate  the  population  of  each  township  who  live  in  the  open  country, 
although  it  is  obvious  that  some  significant  proportion  of  these  people 
live  in  unincorporated  villages.  (Parenthetically,  I  am  happy  to  report 
that  the  Bureau  of  the  Census  is  making  strenuous  efforts  to  obtain 
more  complete  information  in  1960  for  all  clustered  settlements,  whether 
incorporated  or  not,  which  have  at  least  100  dwelling  units  or  approxi- 
mately 400  persons.) 

The  distribution  of  the  clustered  settlements  for  which  data  are 
available  for  1950  has  been  discussed  in  a  previous  paper  (Fig.  2).  Here 
I  am  concerned  with  the  density  of  the  remaining  population.  Let  it 
be  emphasized  at  once  that  this  is  not  a  map  of  rural  population,  nor 
is  it  a  map  of  open  country  population,  but  it  is  the  closest  approach 
we  can  make  with  the  data  available  in  the  1950  Census  (Fig.  3).  For 
lack  of  a  better  term,  we  might  call  these  people  the  "nonurban" 
population. 

Three  singular  aspects  of  the  map  warrant  brief  consideration.  First, 
despite  my  efforts  to  reduce  or  eliminate  the  influence  of  urban  centers, 
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it  is  apparent  that  there  is  quite  a  close  relationship  between  the 
densities  here  indicated  and  our  major  urban  centers.  The  six  major 
clusters  of  townships  with  densest  population  all  focus  on  metropolitan 
areas:  Indianapolis-Muncie,  Chicago-Elkhart,  Fort  Wayne,  Terre  Haute, 
Evansville,  and  that  part  of  the  Louisville  fringe  represented  by  Jeffer- 
sonville  and  New  Albany. 

Six  lesser  clusters  of  townships  with  dense  population  are  also 
urban  oriented,  focussing  on  the  towns  of  the  middle  Wabash  Valley, 
on  the  Kokomo-Marion  area,  on  Vincennes,  on  the  Stone  Belt,  on  the 
Columbus-Seymour  area  along  U.  S.  31,  and  in  Dearborn  County  on 
Cincinnati. 
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The  second  point  to  which  I  wish  to  call  your  attention  is  the  fact 
that  the  areas  of  densest  non-urban  population  are  the  very  areas  with 
the  greatest  numbers  of  urban  areas,  as  indicated  by  interurban  dis- 
tance, and  those  with  the  greatest  amounts  of  in-migration  (Fig.  4) 
(2,5). 

The  third  point  is  the  significance  of  a  line  from  Chicago  to  Louis- 
ville in  the  population  geography  of  Indiana  (Fig.  3).  This  may  not 
be  evident  at  first  glance,  because  the  thickening  of  the  population 
fabric  near  urban  areas  has  created  numerous  islands  of  denser  popula- 
tion. Closer  examination,  however,  reveals  that  the  vast  majority  of 
Indiana's  townships  with  less  than  20  nonurban  persons  per  square 
mile  are  west  of  this  line,  and  it  is  also  true  that  the  majority  of  town- 
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ships  west  of  this  line  have  fewer  than  30  nonurban  persons  per  square 
mile.  Conversely,  densities  of  more  than  30  nonurban  persons  per  square 
mile  are  characteristic  of  the  townships  east  of  the  line,  and  the  eastern 
sector  also  contains  a  disproportionate  share  of  the  densely  populated 
townships. 

Before  concluding,  I  should  like  to  call  your  attention  to  a  few 
specific  relationships  which  one  can  detect  from  this  map.  The  largest 
contiguous  area  of  sparsest  population  density  coincides  with  the  cash 
grain  farming  area  centering  on  Benton  County  (Fig.  3).  For  most  of 
their  lengths,  the  Mitchell  Plain  and  the  Scottsburg  Lowland  are  rela- 
tively densely  populated,  whereas  moderate  densities  characterize  the 
Muscatatuck  Regional  Slope,  and  the  Norman  and  Crawford  Uplands  are 
quite  sparsely  populated.  It  is  nonetheless  interesting  that  the  major 
factor  controlling  the  density  of  nonurban  population  in  Indiana  seems 
to  be  neither  agriculture  nor  physiography,  but  the  distribution  of  urban 
centers. 

I  should  like  to  conclude,  therefore,  as  I  did  last  year,  with  two 
questions  suggesting  lines  of  investigation  which  appear  to  hold  sig- 
nificant potentialities.  First,  can  we  delimit  "zones  of  urban  influence" 
for  individual  cities  on  a  demographic  basis?  My  inablity,  thus  far,  to 
develop  technques  for  such  delimitation  has  not  yet  dampened  my  hopes 
that  they  can  be  developed.  Second,  can  we  delimit  population  regions 
in  precise  quantitative  terms?  Subjective  delimitation,  I  submit,  is  as 
unsatisfactory  as  it  is  simple,  but  I  have  high  hopes  that  we  can 
develop  objective  techniques  for  delimiting  population  regions,  and 
that  these  population  regions  will  take  their  rightful  and  useful  place 
alongside  our  existing  systems  of  physiographic,  climatic,  agricultural, 
and  manufacturing  regions. 
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Relationships  Between  Cyclonic  Characteristics  and  Precipitation 
in  Western  Indiana  During  the  Summers  of  1953,  1956  and  1957 

Lee  Guernsey,  Indiana  State  Teachers  College 

An  extremely  dry  summer  occurred  in  southwestern  Indiana  during 
1953.  Total  rainfall  was  subnormal  in  most  of  the  eastern  part  of  the 
United  States.  In  the  latter  half  of  August,  1953,  the  entire  state  of 
Indiana  had  the  least  percentage  of  normal  rainfall  of  any  state  in  the 
Nation  (1).  During  September,  little  or  no  relief  was  received  from  the 
drouth,  especially  in  southwestern  Indiana. 

Most  areas  in  Indiana  received  about  the  long-term  average  sum- 
mer precipitation  in  1956.  Above  normal  amounts  of  precipitation  were 
received  in  the  northern  part  of  the  United  States  with  sections  of  the 
eastern  Great  Lakes  region  receiving  twice  their  normal  summer  pre- 
cipitation. In  contrast,  most  of  the  southern  part  of  the  United  States 
received  considerably  less  than  the  long-term  average. 

The  early  summer  months  of  1957  were  the  wettest  on  record  in 
certain  parts  of  Indiana  (2).  The  average  rainfall  for  three  stations 
in  Western  Indiana  (Gary,  Terre  Haute,  and  Evansville)  was  17.0  inches 
from  June  1  to  September  30.  This  is  21  per  cent  above  the  long-term 
average  of  the  three  stations.  At  the  same  time,  the  summer  of  1957 
was  characterized  by  less  than  50  per  cent  of  normal  rainfall  in  various 
regions  of  the  Atlantic  Seaboard  (3). 

In  an  attempt  to  better  understand  the  above  contrasting  summer 
precipitations,  this  study  attempts  to  compare  cyclonic  characteristics 
during  three  recent  summers:  dry  (1953),  normal  (1956),  and  wet 
(1957).  A  cross  section  of  western  Indiana's  summer  precipitation  was 
gathered  by  using  surface  weather  data  for  Gary,  Terre  Haute,  and 
Evansville.  Data  were  obtained  from  Daily  Synoptic  Maps,  Monthly 
Weather  Reviews,  and  Climatological  Data  for  June,  July,  August,  and 
September  during  1953,  1956,  and  1957.  These  data  were  then  analyzed 
for  relationships  of  cyclonic  paths,  cyclonic  frequencies,  precipitation 
sources,  cyclonic  velocities,  and  relative  depths  of  cyclones  during  the 
three  summers  noted. 

Cyclonic  Paths 

Of  primary  importance  in  any  analysis  of  cyclonic  characteristics 
are  the  prevailing  paths  of  cyclones.  The  main  object  of  this  section 
is  to  portray  the  principal  paths  of  cyclones  for  the  three  summers  noted. 
Figures  1,  2,  and  3  were  based  upon  the  maps  of  the  storm  tracks 
published  in  the  Monthly  Weather  Review  and  the  Synoptic  Weather 
Maps.  They  include  all  areas  of  North  America  east  of  100°  West 
and  between  26°  North  and  62°  North.  The  general  procedure  was  to 
first  plot  the  paths  on  a  work  map.  Then  the  frequencies  were  obtained 
by  making  a  grid  and  placing  it  over  the  map  and  counting  the  number 
of  cyclones  which  crossed  each  grid.    The  location  of  each  cyclone  which 

225 


22G 


Indiana  Academy  of  Science 


\\ 


CYCLONIC    PATHS 


60 


produced  any  precipitation  during-  the  three  summers  in  Gary,  Terre 
Haute  or  Evansville  was  pinpointed  every  six  hours  in  order  to  calculate 
the  velocity  of  each  precipitation-producing  cyclone.  In  addition,  a 
reading-  of  the  barometric  pressure  was  recorded  and  the  mean  calculated 
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since   the    Daily    Synoptic    Maps    and    Monthly   Weather   Reviews   indis- 
criminately lump  together  all  types  and  magnitudes  of  cyclones. 

When    one   examines   the    Daily    Synoptic    Maps   for   the   summer   of 
1953,   it   can   be   readily   noted   that   cyclonic   activity  frequently   moved 
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across  the  Great  Plains,  where  precipitation  was  heavy,  but  then  moved 
northeastward  to  the  Atlantic  Seaboard.  Upon  moving  eastward  from 
100°    West,   the    belt   of   maximum    cyclone   frequency   moved   north   of 
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Indiana.  Only  one  cyclone  moved  across  the  unit  box  in  which  Indiana 
is  included.  The  actual  path  missed  the  political  limits  of  Indiana  by 
a  few  miles;  therefore,  not  one  cyclone  actually  crossed  Indiana  during 
the  summer  of  1953  (Fig.  1).  This  contrasted  sharply  with  the  months 
of  June,  July,  August,  and  September  during  1956  and  1957.  However, 
during  the  summer  of  1953  cyclones  were  most  frequent  in  Canada  at 
latitudes  46°  North  to  50°  North  (Fig.  7).  On  the  other  hand,  cyclones 
were  present  four  or  five  times  in  most  areas  along  the  Gulf  Coast 
where  cyclones  are  normally  less  frequent  in  summer  (Fig.  4). 

The  summer  of  1956  was  characterized  by  the  most  frequent  cyclonic 
activity  in  Indiana  (Fig.  2).  From  June  1  to  September  30,  six  cyclones 
moved  across  Indiana.  An  exceptionally  large  number  of  days  were 
characterized  by  cyclonic  precipitation,  yet  the  monthly  totals  were 
about  normal  since  most  daily  totals  were  generally  meager.  The 
approximate  30  per  cent  of  all  cyclones  which  moved  eastward  across 
the  Great  Lakes  at  from  42°  North  to  46°  North  was  clearly  an 
important  influence  responsible  for  a  cool,  moist  Indiana  summer  in 
1956  (Fig.  7).  In  fact,  it  has  been  noted  that  the  cyclones  over  the 
Great  Lakes  in  July  of  1956  were  more  typical  of  spring  than  summer 
months  (4).  However,  east  of  Indiana  the  cyclones  took  a  decided 
turn  northward  thence  northeastward  (Fig.  2). 

During  the  summer  of  1957,  the  greatest  total  number  of  cyclones 
moved  across  eastern  North  America.  June  of  1957,  in  particular,  was 
characterized  by  the  passage  of  numerous  cyclones  across  latitudes  42° 
North  to  54°  North  and  by  abundant  cyclonic  precipitation  which  was 
widespread  throughout  western  Indiana  (Fig.  3).  During  the  months  of 
June,  July,  August,  and  September  of  1957,  20  per  cent  of  all  cyclones 
in  eastern  North  America  moved  across  at  latitudes  42°  North  to  46° 
North,  and  more  than  50  per  cent  crossed  the  87°  West  meridian 
from  42°  North  to  54°   North   (Fig.  7). 

Cyclonic  Frequencies 

The  number  of  cyclones  crossing  unit  boxes,  which  are  4  degrees 
latitude  and  3  degrees  longitude  in  size,  was  recorded  for  the  three 
summers.  The  unit  size  of  the  boxes  was  selected  to  approximate  the 
extent  of  Indiana's  latitude  and  longitude.  It  is  recognized  that  the 
boxes  are  not  equal  area  quadrangles,  but  this  tends  to  reduce  the 
greater  cyclone  frequency  of  the  higher  latitudes  rather  than  exag- 
gerate it. 

Figures  4,  5,  and  6  indicate  the  number  of  cyclones  which  passed 
through  the  unit  boxes  during  the  three  summers.  No  cyclone  was 
counted  more  than  once  within  the  same  box  regardless  of  whether  it 
remained  there  for  a  six  hour  interval  or  several  days.  Numbers  with  a 
border  around  them  indicate  the  unit  box  with  the  maximum  cyclone 
frequency  for  each  four  degrees  of  latitude.  These  data,  when  scruti- 
nized, indicate  that  in  addition  to  a  shift  in  cyclonic  paths,  a  marked 
variation  in  cyclonic  frequencies  also  occurred  during  the  three  summers. 

In  1953,  belts  of  well-defined  maximum  cyclonic  frequencies  were 
located  in  boxes  from  50°  North  to  58°  North  (Fig.  4).   All  maxima  east 
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of  Indiana  and  in  North  America,  occurred  within  these  latitudes.  In  1956 
the  principal  axis  of  maximum  cyclone  frequency  is  the  42°  North-46° 
North  unit  box  at  both  Indiana's  longitude  and  in  eastern  North  America 
(Fig.  5).  Twenty-one  per  cent  of  all  cyclones  crossing  the  87°  West 
Meridian  were  located  within  the  42°  North-46°  North  unit  box  in  1957. 
However,  the  latitudinal  distribution  of  1957  cyclones  varied  considerably 
with  longitude  (Fig.  6).  Numerous  centers  of  1957  maxima  cyclonic 
frequencies  vary  from  the  42°  North-46°  North  unit  box  to  54°  North- 
58°  North  unit  box.  The  1957  chart  (Fig.  6)  reflects  the  discontinuous 
nature  and  randomness  of  cyclonic  developments  during  the  four  summer 
months  of  1957. 

Despite  several  discontinuous  axes  (Figs.  4,  5,  6,  and  7)  it  is  inter- 
esting to  note  that:  (1)  During  the  two  wettest  summers  the  axes  of 
cyclonic  frequencies  had  their  peak  within  the  42°  North-46°  North  unit 
box  at  western  Indiana's  longitude;  (2)  All  cyclones  tended  to  move 
northeastward  from  Indiana  each  summer  with  the  54°  North-58°  North 
unit  box  receiving  the  maximum  during  each  of  the  three  summers  in 
northeastern  North   America;    (3)   The  total  number  of  cyclones  which 
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moved  across  eastern  North  America  increased  directly  with  total 
amounts  of  precipitation  in  western  Indiana  with  39  in  1953,  48  in 
1956,  and  49  in  1957;  and  (4)  The  frequency  of  cyclones  crossing  the 
87°  West  Meridian  near  Indiana's  latitude  during  the  dry  summer  of 
1953  was  markedly  less  than  during  the  two  wetter  years  of  1956  and 
1957. 

Sources  of  Precipitation 

Standard  geography  textbooks  often  state  that  much  or  most  of  the 
summer  precipitation  of  the  Humid  Continental  Climates  (Dfa,  Dwa, 
Dfb,  and  Dwb)  is  convectional  in  origin.  This  study  indicated  that 
cyclonic  precipitation  (together  with  associated  frontal  and  squall  line 
precipitation)  was  clearly  the  dominant  source  of  summer  precipitation 
during  all  three  summers  in  Western  Indiana.  Ninety-two  per  cent  of 
all  precipitation  during  the  wettest  summer,  93  per  cent  in  1956,  and 
98  per  cent  during  the  dry  summer  of  1953  were  cyclonic  in  origin. 

This  conclusion  is  based  upon  the  use  of  Daily  Synoptic  Charts  and 
Climatological  Data.  By  using  the  main  weather  map  and  the  two 
smaller  maps  for  all  days  from  June   1  to  September  30  of  the  three 
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years,  a  relatively  continuous  weather  record  was  assembled.    By  com- 
bining the  three  weather  maps,  a  sequence  of  summer  precipitation  was 

TABLE  I 

AMOUNT  AND  SOURCE  OF  PRECIPITATION 

1953  Cyclonic 


Gary 

Terre  Haute 

Evansville 

June 

2.84 

4.45 

.98 

July 

2.64 

4.27 

2.05 

August 

3.28 

1.19 

.26 

September 

1.90 

.77 

.70 

Total 

10.66 

1956 

Cyclonic 

10.68 

3.99 

June 

2.40 

3.42 

1.60 

July 

3.28 

1.11 

2.14 

August 

2.73 

2.67 

1.03 

September 

.77 

1.65 

3.61 

Total 

9.18 

8.85 

8.38 
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June 

July 

August 

September 

Total 


June 
July- 
August 
September 
Total 


June 

July 

August 

September 

Total 


1957  Cyclonic 

4.19 

9.25 

4.45 

4.03 

4.20 

4.46 

1.30 

.90 

14.14 

18.64 

1953  Other 

.47 

.02 

=40 

1956  Other 

.26 

.06 

.34 

.22 

.08 

.42 

.05 

.68 

.75 

6.44 
1.27 
4.70 
1.89 
14.30 


.01 


.01 


.02 

.57 
.03 

.63 


1957  Other 

.05 

.79 

.15 

1.41 

.08 

.26 

.20 

2.54 
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June  .05  .79  .93 

July  .15  1.41  .30 

August 

September 

Total  .20  2.54  1.23 

determined.  Table  I  was  tabulated  by  cross-checking  the  daily  pre- 
cipitation amounts  for  the  three  stations  in  Climatological  Data.  The 
precipitation  was  then  classified  as  cyclonic  or  other  in  origin  by  its 
contiguous  or  noncontiguous  position  from  the  cyclone  or  front.  All 
areas  of  precipitation  which  were  located  within  a  contiguous  area  of 
precipitation  from  the  front  or  cyclone  were  arbitrarily  classified  as 
cyclonic.  All  noncontiguous  areas,  which  were  nearly  always  smaller  in 
size  and  extent,  were  classified  as  having  received  precipitation  from 
other  than  cyclonic  sources  (5).  By  employing  these  criteria,  the  final 
tabulations  show  that  only  two  per  cent  in  1953,  seven  per  cent  in  1956, 
and  eight  per  cent  of  the  1957  total  summer  precipitation  in  Gary,  Terre 
Haute,  and  Evansville  were  caused  by  other  than  cyclonic  actions. 
(Table  II.) 

TABLE  II 

TOTAL  AMOUNT  AND  SOURCE  OF  SUMMER  PRECIPITATION 

Cyclonic  Precipitation  for  1953  1956  1957 

Gary  10.66  9.18  14.14 

Terre  Haute  10.68  8.85  18.64 

Evansville  3.99  8.38  14.30 

Average  8.44  8.80  15.69 

Per  Cent  of  Total  98%  93%  92% 


Other  Precipitation 

Gary 

.49 

.68 

.20 

Terre  Haute 

.75 

2.54 

Evansville 

.01 

.63 

1.23 

Average 

.17 

.69 

1.32 

Per    Cent    of    Total 

2% 

7% 

8% 

The  percentage  of  total  summer  precipitation  (Table  II)  which  was 
caused  by  cyclonic  activity  may  appear  exaggerated.  Certainly  most 
geographers  have  the  impression  that  more  summer  precipitation  is 
caused  by  convection  than  this  study  has  shown.  The  basic  problem 
appears  to  be  that  variations  of  precipitation  causes  and  their  effects  are 
often  combined.  For  example,  during  the  three  summers  noted  for 
western  Indiana,  precipitation  resulting  from  cyclonic  action  has  probably 
been  accentuated  by  convectional  updrafts.  Nevertheless,  all  precipitation 
contiguously  located  with  the  front  or  cyclone  is  here  labeled  as  "cy- 
clonic." 

On  the  other  hand,  this  is  a  limited  study  of  surface  weather 
conditions.  If  upper  air  cyclonic  effects  were  also  analyzed,  probably 
some  scattered  precipitation,  here  classified  as  "other,"  would  be  truly 
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cyclonic  in  origin.  Two  points  are  obvious.  One  is  the  need  for  a  more 
thoroughly  tested  criteria  of  identifying  and  classifying  precipitaton 
causes.  The  other  is  the  desirability  of  more  quantified  studies  of  various 
climate  regions  over  a  greater  number  of  years. 

Cyclonic  Velocities  and   Depths 

Relationships  were  also  determined  between  the  velocities  of  cyclones 
and  precipitation  amounts  during  the  three  summers.  By  using  the 
maps  of  cyclone  tracks  in  the  Monthly  Weather  Review,  the  average 
velocity  was  computed  for  each  cyclone  which  brought  any  precipitation 
to  Gary,  Terre  Haute,  or  Evansville  during  the  three  summers  studied. 
The  tabulations  showed  an  average  velocity  of  21.4  m.p.h.  for  the  25 
cyclones  which  caused  precipitation  during  the  summer  of  1953,  18.33 
m.p.h.  for  the  34  precipitation-producing  cyclones  during  the  summer  of 
1956,  and  22.4  m.p.h.  for  the  31  cyclones  of  the  summer  of  1957.  There- 
fore, the  summer  which  was  characterized  by  the  greatest  cyclonic  pre- 
cipitation (1957)  had  the  greatest  number  of  cyclones  moving  through 
eastern  North  America  (47)  and  they  were  moving  the  most  rapidly. 
However,  the  summer  which  had  the  more  nearly  average  total  amount 
of  precipitation,  rather  than  the  least  amount,  had  the  slowest  moving 
cyclones. 

The  data  from  the  Daily  Synoptic  Charts  were  also  scrutinized  for 
relationships  between  relative  depths  of  cyclones  and  summer  amounts 
of  precipitation  in  the  three  western  Indiana  stations.  It  was  found  that 
the  cyclones  which  had  the  greatest  average  depth  were  those  of  the 
summer  of  1957.  However,  the  average  cyclonic  depth  in  1957  was  only 
1008.4  millibars  as  compared  to  1009.7  millibars  in  1956,  and  1010.1  milli- 
bars during  the  dry  summer  of  1953.  Since  the  average  pressure  gradient 
for  the  cyclones  which  brought  precipitation  to  western  Indiana  in 
1957  was  only  1.7  millibars  lower  than  those  precipitation-producing 
cyclones  of  1953,  it  would  seem  that  little  or  no  significant  differences 
existed  in  their  relative  depths.  However,  it  is  a  fact  that  the  wettest 
summer  in  western  Indiana  was  characterized  by  the  greatest  number 
of  cyclones  which  took  a  southern  path.  They  also  moved  the  fastest, 
and  they  were  the  deepest  which  occurred  during  the  three  summers 
studied. 

Summary 

The  general  conclusions  are  that:  (1)  During  the  dry  summer  the 
cyclonic  paths  were  markedly  farther  north  than  during  the  two  wetter 
summers.  (2)  The  cyclonic  frequency  from  42°  North  to  46°  North 
seemed  to  have  a  most  direct  bearing  on  the  amount  of  summer  precipi- 
tation received  in  western  Indiana  during  the  three  years.  (3)  Cyclonic 
(and  associated  frontal  and  squall  line)  precipitation  was  clearly  the 
dominant  cause  of  precipitation  during  all  three  summers,  and  was 
responsible  for  92  per  cent  of  precipitation  during  the  wettest  summer, 
93  per  cent  during  1956,  and  98  per  cent  during  the  dry  summer  of  1953. 
(4)  Differences  in  average  velocity  of  all  cyclones  which  broght  precipi- 
tation to  Gary,  Terre  Haute,  and  Evansville  showed  that  the  fastest  mov- 
ing cyclones  occurred  during  the  wettest  year,  and  (5)  Relationships  to 
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amounts  of  summer  precipitation  and  average  cyclonic  depth  in  the 
places  and  years  noted,  showed  the  depth  to  be  lowest  during  the  wettest 
summer. 
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Gary   "Big   Steel" — Geographic   Design   and   Destiny 

Alfred  H.  Meyer  and  Elmer  B.  Hess,  Valparaiso  University 

"Big  Steel"  has  probably  received  more  attention  for  industrial 
analysis  than  any  other  manufacturing-  activity.  This  study  does  not 
purport  to  add  materially  to  the  usual  literature  on  the  place  of  steel 
manufacturing  in  the  modern  world,  as  is  commonly  given  in  treatises 
in  economic  geography  on  the  subject,  but  is  rather  a  geographic  survey 
of  the  regional  development  of  one  of  the  major  manufacturing  com- 
munities, dominated  by  raw  steel  and  fabricated  steel  products.  As  such, 
the  study  involves  questionnaire  and  field  exploration  covering  practically 
all  basic  industries,  many  of  which  are  symbiotic  in  character,  and  is 
thus  of  special  interest  in  areal  analysis,  both  community-  and  region- 
wise.  Our  specific  objective,  then,  is  to  see  how  the  Gary  community 
operates  in  a  highly  selective  environment  and  how  the  manufactural 
potential  of  such  environment  is  conceived  by  the  industrialists  them- 
selves. The  1957  planning  and  zoning  are  geographically  evaluated  with 
a  consideration  of  the  effects  of  changing  intra-regional  and  extra- 
regional  factors  on  the  competitive  position  of  Gary  in  the  U.  S.  and 
world  "Big  Steel"  market.  Among  these  are:  newly  constructed  thor- 
oughfares (Indiana  Toll  Road,  Tri-State  Highway),  St.  Lawrence  Seaway 
development,  Sag  Channel  enlargement,  prospective  exploitation  of 
Mesabi  low  grade  taconite  ore,  and  innovations  of  accelerated  and  unified 
steel  fabrications.  The  investigation  is  an  historico-geographic  approach 
based  on  documentary  material,  questionnaires,  interviews,  and  personal 
field  survey. 

Gary's  Regional  Position  in  U.  S.  Steel  Economy 

Thirteen  United  States  steel  manufacturing  districts  are  recognized 
for  which  regional  steel  production  statistics  have  been  published  by 
the  American  Iron  and  Steel  Institute.  Such  data  reveal  that  the  Chicago 
District,  of  which  Gary  is  a  part,  leads  in  percent  of  U.  S.  steel  ingot 
capacity — 19.24  percent;  followed  in  order  by  Pittsburgh  (17.35);  Phila- 
delphia (14.17);  Valley  (Youngstown)  (10.84).  The  remaining  districts — 
West,  Cleveland,  Buffalo,  Detroit,  South,  South  Ohio  River,  Upper  Ohio 
River,  St.  Louis,  and  Northeast — range  from  5.5  down  to  .45  percent. 

Gary  is  the  leading  steel  community  in  the  Chicago  District.  Its 
mills  have  an  annual  capacity  of  7,204,000  net  tons,  followed  closely  by 
those  of  Indiana  Harbor  (5,800,000),  and  Chicago  (5,441,000)  (12) 
(Fig.  1).  Thus  we  see  the  commanding  position  of  the  Chicago  District 
and  Gary's  own  strategic  position  in  the  Calumet  Region  and  in  the 
United  States  steel  economy. 
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Gary  Industrialists  Are  Aware  of  Regional  and  Topographic 
Locative  Factors 

Some  research  workers  in  the  field  of  economic  and  industrial 
geography  have  made  observations  to  the  effect  that  manufacturers  are 
not  conscious  of  the  significance  of  the  locative  factor  in  the  selection 
of  industrial  sites.  This  study  points  to  a  very  different  conclusion. 
Of  the  thirty-seven  manufacturing  establishments  questionnaired  on  this 
point,  thirty-three  responded  with  one,  or  more  commonly,  multiple 
reasons  for  locating  on  the  Gary  site.  Normally  at  least  two  locational 
values  were  mentioned,  and  in  one  instance  as  many  as  nine  factors 
were  indicated.  Recurring  factors  are  arranged  below  in  categorical 
order  of  decreasing  frequency: 

1.  Land-Building  Availability — Adequate  site  and  available  building 
space  were  basic  considerations  in  plant  location  by  one-half  of  the 
manufacturers.  Representative  statements  follow:  The  building  and  not 
the  area  was  important;  because  of  overcrowded  conditions  in  Chicago, 
needed  more  space;  land  was  cheap;  industrial  property  was  available; 
building  was  accessible;  one  of  the  few  sites  available. 

2.  Market — Twelve  firms,  a  third  of  the  respondents,  reported  that 
market  was  a  major  consideration.  Thus:  Accessibility  to  market;  Chi- 
cago was  and  is  the  main  market;  Mid-west  and  Chicago  market  area; 
markets  in  Chicago  and  Detroit. 

3.  Transportation — As  pointed  out  elsewhere  in  this  paper,  the  Gary 
community  at  the  core  of  the  Calumet  Region,  is  a  direct  beneficiary 
of  the  converging  lake,  rail,  and  highway  transportation  pattern  focused 
onto  Chicago  (Fig.  1).  Accordingly,  it  is  understandable  that  as  many 
as  eleven — about  the  same  number  as  those  reporting  on  the  significance 
of  market — evaluate  this  factor  as  a  leading  locative  criterion.  This  is 
understandable  also  in  view  of  the  fact  that  though  the  Chicago  area 
itself  constitutes  a  major  marketing  center,  marketing  of  steel  and  other 
products  are  by  no  means  restricted  to  the  head  Lake  Michigan  area,  but 
are  distributed  county-wide,  especially  throughout  northeastern  United 
states.  Consequently  transport  facilities  making  ready  connections  of 
this  region  with  more  distant  points  are  likewise  essential.  Typical 
comments  follow:  Lake  Michigan  has  a  water  route  of  raw  materials 
from  Minnesota,  with  reference  to  iron  ore;  location  on  main  trunk 
arteries;   good   railroad  transportation. 

4.  Steel  Symbiosis — As  indicated  in  the  classification  of  Gary  in- 
dustries in  Figure  2,  a  preponderant  percentage  of  the  larger  industries 
are  fabricators  of  steel  products  attracted  to  Gary  to  benefit  from  the 
local  steel  supply.  Nine  of  these  industries  regard  this  factor  as  of  pri- 
mary   concern,    variously    expressed,    as    follows:     This    was    in    closer 

Figure  1.  Gary's  geographic  prominence  stems  from  a  number  of  intra- 
and  inter-regional  factors,  here  in  part  cartographically  portrayed:  1.  the 
Lake  Chicago  Plain,  whose  flatfish  surface  is  broken  by  only  several  ten- 
foot  contours  as  illustrated  in  Fig.  3;  2.  the  head  of  Lake  Michigan  focus 
of  Midwest  water,  rail,  and  highway  transportation;  3.  the  areal  labor, 
capital,  and  marketing  integration  of  the  Chicago-Calumet  metropolitan 
community;   4.   the  competitive   steel  centers  of  the  region. 
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proximity  than  Chicago  to  the  steel  mills  and  foundries;  regional  prox- 
imity to  steel  supply;  regional  position  to  accessible  industries;  U.  S. 
steel  located  here;  proximity  to  steel  mills,  which  can  use  our  machinery. 

5.  Labor  Availability — The  questionnaire  records  show  that  only 
three  of  the  respondents  specifically  mentioned  labor  as  a  significant 
factor  of  site  selection.  Such  a  low  figure — only  nine  percent — does  not, 
however,  reflect  in  this  instance  a  true  evaluation  of  labor  since  this 
item  is  often  taken  for  granted  as  inherent  in  the  large  labor  pool 
available  in  the  Calumet-Chicago  region.  This  reporting  circumstance 
contrasts  rather  interestingly  with  studies  of  labor  in  other  Calumet 
manufacturing  centers,  such  as  Michigan  City,  Indiana  (16)  and  Chicago 
Heights,  Illinois  (17),  where  considerably  much  more  emphasis  was 
placed  on  the  regional  factor  of  labor  requirements  and  availability. 
The  relation  of  men  to  women  labor  in  Gary  was  expressed  by  one  firm 
as  follows:  Steel  mills  take  all  the  man  labor  because  of  higher  wages; 
women  laborers  in  Gary  are  easy  to  get. 

6.  Other  Miscellaneous  Factors — The  locative  influence  of  utilities, 
such  as  power,  water  supply,  waste  disposal,  drainage,  etc.,  are  com- 
mented upon  elsewhere  in  this  paper.  Other  specific  factors  include: 
local  residence  of  founders,  the  non-competitive  feature  of  a  certain 
type  of  industry,  allocation  of  specific  industries  in  "assigned"  terri- 
tories, taxes,  and  lower  labor  costs. 

Geographic  qualities  of  site  and  facilities  are  not  only  a  matter  of 
single  site  consideration  but  of  multiple  sites  as  well,  thus  again  pointing 
to  the  fact  that  many  industrialists  are  very  scrutinizing  and  selective 
in  plant  location  and  relocation.  At  least  twelve  spokesmen  of  firms 
indicated  alternative  site  consideration.  The  following  comparative  ad- 
vantages and  disadvantages  between  Gary  and  alternate  sites  are  thus 
noted:  (1)  The  Gary  district  was  recognized  as  having  superior  qualities 
in  market  and  in  local  supplies  of  raw  materials,  thus  saving  on  freight 
costs;  and  having  a  large  reservoir  of  trained  labor  supply.  (2)  Com- 
parative market  possibilities  are  reflected  in  the  statement:  "Need  of 
a  paint  factory  in  Gary."  (3)  The  factors  of  water  supply,  drainage, 
waste  disposal,  transportation,  markets,  and  taxes  were  cited  as  criteria 
for  selecting  Gary  rather  than  Michigan  City,  Indiana;  Bowling  Green, 
Ohio;  and  Detroit. 

Figure  2.  This  composite  map  was  designed  to  inventory,  classify,  and 
relate  the  past,  present,  and  prospective  industrial  pattern  of  Gary.  Note  1. 
the  "parent"  Toleston  rail  junction  with  its  associated  cluster  of  small 
industrial  sites;  2.  the  classification  of  the  present  "core"  manufacturing 
establishments,  with  the  distinctively  large-sized  sites  identifying  the  steel 
fabricating  plants;  3.  the  proximate  position  of  the  downtown  business 
axis  to  the  chief  approaches  of  the  U.  S.  Steel  Corporation  property;  4.  the 
chief  rail  and  road  regional  traffic  service;  5.  the  1957  zoning  pattern, 
revealing  the  geographic  concepts  of  the  city  administration  and  its  con- 
sultant planners  concerning  the  future  availability  and  adaptability  of 
sites  destined  for  industrial  appropriation:  (Data  from  the  following 
sources:  Gary  city  base  map;  city  ordinance  planning  brochure  material 
(Everet  Kincaid  and  Associates,  Consultants)  ;  questionnaires  and  field 
survey.  Not  recordable  on  map  of  this  dimension  are  six  industries  to  the 
east  and  four  to  the  south. 
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Local  site  relocation  within  the  last  ten  years  is  largely  reflective 
of  expansion  needs  in  building  space. 

Historical-Geographic  Perspective 

How  the  small  struggling  community  of  Gary,  Indiana,  became  one 
of  the  world's  largest  steel  producing  centers  is  a  fabulous  tale.  The 
development  of  the  manufacturing  region  at  the  southern  end  of  Lake 
Michigan  may  be  divided  into  three  periods — pioneer,  development,  ex- 
pansion. 

The  Pottawatomie-Pioneer  Stage — The  old  Sauk  Indian  trail  was 
the  most  important  east-west  route  through  the  Calumet  area  in  the 
early  days  before  permanent  settlement  along  the  southern  end  of  Lake 
Michigan  (14).  This  trail  has  subsequently  become  the  route  of  Indiana 
Highway  330,  the  old  Lincoln  Highway.  Early  settlers  traveled  this 
Sauk  trail  as  they  proceeded  westward  through  the  then  wilderness  of 
the  Middle  West. 

The  Pottawatomie  trail,  another  early  Indian-Pioneer  line  of  com- 
munication traversed  the  Calumet  area  from  the  northeast,  reaching  a 
terminal  point  at  the  present  site  of  East  Gary,  Indiana.  With  the 
coming  of  the  White  man,  villages  bloomed  forth  at  the  junctions  and 
terminals  of  the  old  trailways  (15).  In  1852  the  Michigan  Southern 
Railway  pushed  a  rail  line  through  the  virgin  land  around  the  lower  end 
of  Lake  Michigan,  and  some  time  later  the  Michigan  Central  Railroad 
began  operations  in  the  same  area.  The  expanding  population  caused 
the  rail  companies  to  expand  their  services,  but  compared  to  central 
and  southern  Indiana,  northwestern  Indiana  was  extremely  belated  in 
settlement.  As  indicated  on  the  Toleston  Quadrangle,  surveyed  by  the 
U.S.G.S.  in  1897,  only  hamlets  with  a  dozen  to  a  score  dwellings  each 
existed  on  the  site  occupied  by  modern  Gary,  and  numerous  sections  in 
the  area  do  not  even  show  a  single  rural  dwelling  (Fig.  3). 

Sparse  Occupance  a  Major  Factor  in  Plant  Site  Selection  and  Area 
Development — The  United  State  Steel  Corporation  sought  a  site  in 
the  Great  Lakes  area  on  which  to  build  the  world's  largest  steel  mill. 
The  lake  region  was  chosen  for  the  company  wished  to  have  its  new 
steel  plant  located  half  way  between  the  rich  iron  ore  deposits  of 
northern  Minnesota  and  the  coking  coal  deposits  of  Pennsylvania  and 
West  Virginia.  Waukegan  was  suggested  as  a  likely  site,  but  investi- 
gation proved  that  the  area  was  too  congested  for  the  building  of  a 
multi-million  dollar  steel  plant.  By  contrast,  the  barren  dunes  and 
marsh  wastes  at  the  head  of  Lake  Michigan  in  northwest  Indiana,  had 
been  hitherto  so  repellent  to  human  settlement  that  the  United  States 
Steel  Corporation  found  here  available  120,000  acres  of  uninterrupted 
space  ideally  suited  to  unimpeded  plant  planning. 

The  task  of  developing  the  site  for  Indiana's  first  steel  mill  was 
begun  on  March  12,  1906,  and  work  toward  the  building  of  a  new  com- 
munity for  the  employees  of  the  steel  company  commenced  on  April 
18,  1906.  Dunes  were  leveled,  trees  removed,  swamps  filled,  and  the 
channel  of  the  Grand  Calumet  River  was  changed.  Only  a  little  over 
two  years  later,  on  July  23,  1908,  the  first  ship  load  of  iron  ore  from 
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the  Minnesota  pits  entered  the  nearly  formed  harbor  on  the  Calumet 
River.  This  initiated  the  production  of  iron  and  steel  destined  to  make 
northwestern  Indiana  the  primary  steel-producing  section  of  the  Chicago 
region. 

While  the  steel  mills  were  being  erected,  feverish  activity  was  being 
carried  on  in  the  building  of  the  new  community.  Hundreds  of  workmen 
were  engaged  in  erecting  a  "model  industrial  city";  streets  were  laid 
out,  commercial  buildings  were  erected,  and  homes  for  the  steel  mill 
employees  were  developing  in  orderly  rows.  By  July  17,  1906,  the  town 
absorbed  Toleston  and  incorporated  under  the  name  of  Gary  in  honor 
of  the  Chairman  of  the  Board  of  United  States  Steel — Judge  Elbert 
H.  Gary  (3). 

The  Expansion  Stage — The  large  expanse  of  uninhabited  level  land, 
excellent  water  and  rail  transportation,  a  large  important  nearby  mar- 
ket— Chicago,  sufficient  labor,  together  with  the  insight  of  the  founders, 
caused  the  Gary  industrial  complex  to  mushroom  into  a  gigantic  steel 
empire. 

A  year  by  year  chronological  listing  of  the  various  industries  that 
sought  Gary  as  their  home  brings  out  interesting  observations  on  the 
manufacturing  picture  of  northern  Indiana.  The  founding  by  the  United 
States  Steel  Corporation  of  the  first  steel  mill  in  1906  immediately 
brought  symbiotic  establishments  into  the  region.  In  1909,  the  American 
Bridge  Company  built  a  fabricating  plant  in  the  Calumet  district  so 
as  to  be  close  to  a  major  source  of  iron  and  steel.  In  1910  the  Union 
Drawn  Steel  Company,  a  division  of  Republic  Steel  Corporation,  began 
operating,  and  during  the  same  year  the  Gary  Sheet  Mill  of  the  American 
Sheet  and  Tin  Plate  Company  erected  a  Mid-west  operational  plant.  In 
1936,  this  company  merged  with  the  Carnegie-Illinois  Steel  Corporation, 
a  merger  which   resulted  in  the  world's   largest  sheet  and  tin  mill. 

Following  the  incorporation  of  the  early  manufacturing  concerns 
in  the  Gary  area,  many  other  industrial  groups  were  established.  Two 
plants  appeared  on  Gary's  industrial  horizon  in  1906;  one  in  1908;  one 
in  1910;  one  each  in  1912,  1913;  one  in  1918;  two  in  1919;  one  each  in 
1925,  1926,  1927;  one  each  in  1930,  1931,  1934,  1938,  and  1943;  two  in 
1946,  one  in  1947,  three  in  1948,  1949,  1950;  one  in  1951,  and  one  in 
1954.  These  later  industries  are  either  directly  or  indirectly  connected 
with  steel  fabrication,  or  are  service  industries  supplying  the  needs  of 
the  industrial  workers.  The  geographic  pattern  reveals  two  areal  dif- 
ferentiations— the  lake  side  of  heavy  industries;  the  "interior"  light 
industries   (Fig.  2). 

Figure  3.  This  topographic  section  of  the  U.S.G.S.  Toleston  quadrangle 
depicts  the  contour  and  culture  of  the  Gary  region  as  it  looked  at  the  turn 
of  the  20th  Century.  Noteworthy  are  the  relative  contour-less  topography 
and  the  open  spaces  bidding  for  occupance,  destined  to  set  the  stage  (start- 
ing with  1906)  for  the  development  of  the  leading  unified  steel  manu- 
facturing center  in  the  United  States.  A  comparison  of  the  position  of 
Toleston  in  this  figure  with  that  in  Figure  2  affords  space  and  time  per- 
spective   of    this    antecedent    important    rail    junction    to    the    modern    Gary 

steel  metropolis. 
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Raw  Materials  Readily  Accessible 

The  raw  materials  used  by  the  manufacturing  industries  of  the 
Gary  complex  are  diverse  in  character  and  in  origin.  They  include  min- 
eral raw  materials,  primary  metals,  lumber,  and  agricultural  products. 
Iron  ore,  coal,  and  limestone,  plus  primary  steel  products,  form  the  bulk 
of  the  raw  materials.  Of  thirty-three  concerns  investigated,  fifteen 
(forty-five  percent)  either  produced  primary  steel  metal  or  fabricated 
the  primary  metal  into  useful  articles  of  commerce. 

The  principal  source  of  iron  ore  for  the  Gary  blast  furnaces  is 
the  Mesabi  range  of  northern  Minnesota;  the  mines  of  northern  Michigan 
are  a  secondary  source.  Since  the  rich  hematite  ores  of  Minnesota  are 
rapidly  being  depleted,  processes  are  being  developed  by  which  the 
leaner  taconite  deposits  may  be  utilized.  Recently  the  Cerro  Boliva 
deposits  of  Venezuela  have  been  opened  and  are  supplying  a  substantial 
amount  of  iron  ore  for  the  Gary  steel  plants.  With  the  opening  of 
the  St.  Lawrence  Seaway  and  the  depletion  of  the  Mesabi  hematite, 
Venezuelan  iron  should  become  an  even  more  important  source.  The 
Canadian  Laurentian  province  also  is  a  promising  prospect.  Scrap  metal, 
an  important  auxiliary  source  of  iron,  comes  principally  from  the 
Chicago-Gary  scrap  metal  market.  Coking  coal,  the  charging  fuel  in 
the  iron  and  steel  blast  furnace,  is  obtained  from  Kentucky  and  West 
Virginia.  Steam  coal  is  available  from  the  proximate  fields  of  central 
Illinois  and  southern  Indiana.  Limestone,  the  primary  fluxing  agent,  is 
transported  by  lake  freighter  from  the  quarries  on  Lake  Huron  centered 
in  part  on  Roger  City,  Michigan. 

The  fabricative  industries,  using  semi-finished  steel  as  their  raw 
material,  obtain  their  materials  locally,  taking  advantage  of  proximity 
of  the  primary  producers.  This  reduces  the  expense  of  shipping  bulk 
commodities.  The  food  processing  industries  procure  their  basic  mate- 
rials from  the  surrounding  country-side.  The  textile  fabricators  utilize 
the  excess  female  labor  of  the  region.  The  New  England  seaboard  and 
the  southeastern  Atlantic  coastal  states  are  the  prime  sources  of  textile 
bolt  material.  Wood  is  procured  from  the  northwestern  states  and  from 
special  lumber  mills  in  the  Chicago  region  which  specialize  in  rare 
woods.  Miscellaneous  items  come  from  a  wide  diversity  of  sources, 
but  the  Middle  West  is  the  prime  supplier  of  raw  materials. 

Public  Utilities  Adequate 

Abundance  of  water  is  a  prerequisite  to  any  extensive  industrial 
development.  Particularly  is  this  true  of  a  large  iron  and  steel  manu- 
facturing center,  such  as  Gary.  Water,  in  large  quantities,  is  required 
for  the  processing  of  iron  ore  into  pig  iron  and  for  the  fabrication 
of  this  pig  iron  into  alloy  steels  and  steel  products.  Thus  White,  in 
emphasizing  water  resources  in  this  connection,  alerts  us  to  the  data 
in  Steel  Facts  and  Power  that  as  much  as  57  tons  of  water  are  used 
in  the  processing  of  3.2  tons  of  charged  blast  furnace  materials.  Thus 
the  availability  and  cost  of  an  ample  supply  of  water  of  suitable  quality 
is  a  very  significant  factor  in  steel  manufacturing.  "In  the  steel  industry 
the  cost  ranges  from  5  mills  to  as  much  as  15  ^  cents  per  1000  gallons. 
...    In  the  Chicago-Gary  district  the  cost  is  estimated  at  0.2  cent  per 
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1000  gallons"  (19).  The  majority  of  industrial  concerns  draw  upon  the 
Hobart  Water  Company  to  supply  them  with  their  needs.  Four  industries 
of  those  contacted  have  their  own  water  facilities — the  United  States 
Steel  Corporation  operates  its  own  intake  plant  on  Lake  Michigan; 
the  Mono-Sol  Corporation  maintains  private  wells;  the  Tanktainer  Weld- 
ed Products  Incorporated  operates  wells  on  its  property;  and  the  Steiner 
Paper  Company  utilizes  well  water  plus  water  from  the  Calumet  River 
obtained  by  private  intake.  Surface  water  is  used  by  the  majority  of 
the  manufacturing  concerns  for  domestic  as  well  as  industrial  processes. 
Where  specific  water  qualities  are  required,  such  as  in  the  paper  manu- 
facturing industry  of  Gary,  ground  water  has  the  advantage  of  remain- 
ing nearly  constant  in  temperature  and  chemical  composition  throughout 
the  year. 

Availability  of  adequate  electric  power  from  the  Northern  Indiana 
Public  Service  Company  has  been  another  strong  influence  in  attracting 
many  manufacturing  companies  to  the  Gary  district. 

Labor  as  a  Locational  Factor 

Labor  is  an  important  factor  to  any  company  contemplating  locating 
in  any  region.  From  a  superficial  glance  at  the  industrial  complex  of 
Gary  it  would  appear  that  the  different  types  of  labor  used  in  the 
manufacturing  concerns  would  not  be  great  since  steel  and  steel  prod- 
ucts make  up  the  bulk  of  manufacturing  in  the  Gary  district.  However, 
a  closer  observation  reveals  that  the  types  of  labor  are  highly  diversified 
— unskilled,  semi-skilled,  skilled,  and  professional.  The  list  of  employ- 
ment types  can  be  broken  down  into  two  major  categories:  (1)  general 
labor  for  which  the  industries  of  Gary  must  compete  with  manufacturing 
plants  in  the  Calumet-Chicago  area;  (2)  labor  which  is  peculiar  to 
the  steel  industry,  such  as  is  skilled  in  metallurgy.  "Big  Steel"  accounts 
for  well  over  four-fifths  of  Gary's  industrial  employment.  By  far  the 
largest  number  of  workers  in  the  iron  and  steel  mills  are  in  the  first 
category.  Inasmuch  as  general  labor  is  relatively  immobile,  the  steel 
industry  needs  to  be  so  located  as  to  obtain  an  adequate  supply  of  this 
type  of  manpower.  The  labor  market  for  the  Gary  manufacturing 
concerns  extends  beyond  the  municipal  boundaries  of  the  city.  Labor, 
within  a  thirty-mile  radius  in  Lake  and  Porter  counties,  which  includes 
the  towns  of  East  Gary,  Miller,  Chesterton,  Hobart,  Hammond,  Val- 
paraiso, and  Crown  Point  (Fig.  1)  accounts  for  all  but  a  small  percentage 
of  the  force  not  obtained  from  Gary  proper.  The  private  automobile 
and  local  bus  lines,  which  ply  to  all  parts  of  Gary,  provide  the  chief 
means  of  transportation  for  the  industrial  workers. 

The  ratio  of  men  to  women  in  the  general  labor  class  is  approxi- 
mately three  to  one.  Of  the  57,689  employed  persons  in  1950,  13,818 
or  28.1  percent  were  women.  The  largest  percent  of  women  is  employed 
in  the  textile  and  apparel  industries,  which  benefit  from  a  cheap  supply 
of  female  labor  and  its  ready  availability  in  the  large  Chicago  metropolis 
and  community.  The  second  class  of  labor,  the  specialized  group,  is  far 
more  mobile  than  is  general  labor  and  can  bargain  more  favorably 
than   can   common   labor.     Since    skilled    and   professional   personnel   is 
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mobile,  the   location   of   industry   is  not   particularly   dependent   on  the 
Chicago  regional  reservoir. 

Transportation  and  Markets 

Gary  is  located  on  highways,  railroads,  and  airways  focused  on 
the  Chicago  metropolitan  region.  It  is  served  by  a  number  of  major 
trunk  line  railroads — Baltimore  and  Ohio;  New  York  Central,  and  the 
Michigan  Central  Division  of  the  New  York  Central;  the  Wabash;  the 
Elgin,  Joliet  and  Eastern;  and  the  Pennsylvania  (Figs.  1  and  2).  Two 
belt  lines  connect  the  trunk  railroads  and  contribute  to  the  further 
effectiveness  of  the  rail  switching  system.  These  lines — the  Indiana 
Harbor  Belt  Railroad,  and  the  Elgin,  Joliet  and  Eastern  Railway — • 
provide  rapid  cheap  (transfer)  conveyor  service  for  the  primary  rail- 
roads. In  addition,  the  high  speed  electric  railroad — The  Chicago,  South 
Shore  and  South  Bend — provides  excellent  commuter  service  for  Gary 
employees. 

The  city's  location  is  strategic  not  only  in  terms  of  rail  connections, 
but  also  for  highway  transportation  facilities.  U.  S.  highways  6,  12, 
20,  and  the  Tri-State  Highway  and  Indiana  Toll  Road  connect  Gary 
directly  with  regions  to  the  west  and  the  east.  Dual  lane  U.  S.  30 
lies  within  a  few  miles  to  the  south  of  the  city.  State  routes  51,  53, 
and  55  approach  Gary  from  the  south,  thus  completing  a  closely  meshed 
highway  net  (Fig.  1).  This  serves  both  as  access  conveyor  of  raw 
materials  into  Gary  and  a  major  means  of  distributing  finished  and 
semi-finished  products  out  of  the  Calumet  district.  The  majority  of 
industrial  concerns  depend  more  heavily  upon  highway  transportation 
than  on  rail  because  of  speed,  convenience,  and  cost.  A  few  are  inter- 
dependent upon  both  rail  and  highway;  a  small  minority  uses  the  railroad 
exclusively. 

Water  transport  facility  is  restricted  to  the  transportation  of  raw 
materials  for  the  iron  and  steel  works.  Due  to  winter  blockage  by 
lake  ice,  it  has  been  necessary  for  the  steel  companies  to  obtain  a  supply 
of  iron  ore  to  tide  over  the  winter  period — from  approximately  late 
November  until  late  March  or  early  April.  Ice  breakers  are  now  being 
experimented   with,   however,   to   extend   the    water   transport    season. 

A  mature  industrial  community,  Gary  has  a  national  market,  and 
for  specialized  products  an  international  market.  A  large  part  of  the 
products,  such  as  pig  iron,  remains  within  the  region  to  be  refined 
into  various  articles  of  commerce,  while  others  find  their  way  directly 
into  the  stream  of  retail  and  wholesale  trade.  The  Calumet  mills  occupy 
a  strategic  geographic  position  of  capitalizing  on  the  accelerated  demand 
for  steel  in  the  agricultural,  industrial,  and  commercial  development  of 
the  Midwest,  Northwest,  and  South.  Thus,  Appleton  in  a  study  of  the 
economic  geography  of  this  steel  district,  already  in  1925,  observed: 
"The  dominant  economic  activities  of  this  market  are  associated  with 
agriculture,  mining,  cattle  raising,  and  many  phases  of  manufacture 
and  transportation.  .  .  .  Large  quantities  of  wire  products  are  required 
for  fencing  and  other  purposes  in  the  farming  and  grazing  areas  where 
lumber  is  scarce.  .  .  .  Galvanized  sheets  also  form  ...  a  substitute 
for  lumber.    .    .    .    Growth  of  population  and  urban  centers    .    .    .    has 
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increased  the  demand  for  structural  steel.  .  .  .  Reinforced  concrete 
.  .  .  requires  large  amounts  of  iron  and  steel  bars.  .  .  .  The  enormous 
growth  of  the  automotive  industry  has  been  responsible  for  a  large 
increase  in  the  production  of  plates,  bars,  and  sheets.  .  .  .  The  expan- 
sion of  manufacturing  in  the  Northern  Interior  .  .  .  has  stimulated 
the  production  of  many  kinds  of  machinery.  .  .  .  The  extensive  canning- 
industry  of  the  Northern  Interior  provides  another  important  use  for 
steel.  The  large  quantities  of  fruit,  milk,  vegetables,  corn,  and  meat, 
which  are  canned  each  year,  create  a  large  demand  for  tin  plate,  which 
is  produced  extensively  in  Gary"  (1). 

The  many  demands  for  Calumet  steel  by  the  ever-increasing  and 
ever-growing  markets  attendant  with  the  shift  of  the  U.  S.  population 
center  westward  has  more  than  justified  the  expectations  envisioned  by 
Appleton  barely  two  decades  after  the  founding  of  the  Gary  plant. 
The  acceleration  of  markets  within  the  last  quarter  century  has  been 
even  more  spectacular.  With  the  multiplication  and  diversification  of 
industry  Gary  fabrications  compete  in  more  distant  national  and  even 
international  markets,  supported  by  far-sighted  policies  of  industrial 
planning  and  zoning.  There  appears  to  be  a  concentration  of  markets 
in  the  eastern  two-thirds  of  the  United  States,  the  cities  of  the  Ameri- 
can Manufacturing  Belt  accounting  for  the  greatest  markets.  Chicago 
being  a  close  neighbor  and  connected  with  Gary  by  excellent  transporta- 
tion facilities  provides  the  greatest  marketing  area  for  the  finished 
products  of  Gary.  This  is  an  ever  expanding  market  which  will  serve 
the  Gary  complex  for  many  years. 

Impact  of  Modern  Technological  Developments 

New  technological  developments  in  the  past  several  decades  are 
reflected  in  Gary's  phenomenal  industrial  expansion.  At  least  eleven 
Gary  industries  report  extraordinary  expansion  in  area  occupation, 
building  enlargements,  volume  of  products  manufactured,  as  well  as, 
in  most  cases,  in  a  large  corresponding  increase  in  employment.  Thus 
the  following  representative  comments:  In  1951  we  added  47,000  square 
feet  in  floor  space;  originally  investments  expanded  200  percent;  started 
with  2,000  square  feet  of  store  space,  today  12,000  square  feet;  expanded 
in  1946-47  to  double  original  size;  have  doubled  production  in  two  years. 

Revolutionary  innovations  in  various  alloy  steels  and  increasing 
demands  for  such  by  the  increasing  diversification  of  construction  re- 
quirements are  primary  factors  in  the  expansion  of  Gary  industries. 
Likewise,  new  machinery  installations  or  processes  are  mentioned  in 
our  survey  repeatedly.  Emphasis  is  indicated  on  "increasing  speeds" 
in  many  of  the  major  establishments;  also  conversion  to  automatic 
welding.  Along  with  the  development  of  new  uses  and  new  markets 
of  steel  is  the  expansion  of  the  facilities  of  transportation,  particularly 
in  trucking  service.  Extra-regional  influences  are  also  recognized.  Thus 
it  is  observed  that  generally  "chemical  industries  are  gravitating  to 
the  Mississippi-Ohio  River  system  because  of  availability  of  petroleum 
and  raw  materials  from  the  Gulf  Coast  area,  and  because  of  coal-tar 
sources  of  raw  materials  in  areas  reached  by  the  northern  end  of  these 
rivers." 
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Problems  Primarily  Non-Regional 

Though  some  twenty-one  firms  reported  some  type  of  problem  which 
operated  restrictively  or  disadvantageously  to  business,  relatively  few 
of  the  specific  problems  mentioned  seem  to  be  definitely  related  to  the 
Calumet  region,  or  to  the  Gary  district.  They  involve  such  broad  cate- 
gories as  transportation  costs,  high  taxes,  and  occasional  labor  strikes, 
such  as  may  be  found  in  many  other  industrial  sections  of  the  United 
States.  And  it  appears  also  that  freight  rates  on  the  heavy  fabricated 
steel  products  are  of  paramount  consideration.  Unlike  raw  ore  material, 
they  reach  their  markets  by  rail  or  highway.  And  these  are  commonly 
the  basis  for  the  statement  of  "high  cost  of  transportation."  Transporta- 
tion to  distant  points  also  often  necessitates  the  building  of  expansive 
and  expensive  warehouses,  established  in  some  cases  as  far  as  the  east 
and  the  west  coasts. 

Though  ore  transportation  costs  by  the  Lake  Superior-Lake  Michigan 
route  are  among  the  lowest  in  the  world,  a  different  problem  of  trans- 
portation arises  in  the  freezing  over  of  the  waters  in  the  mid-winter 
months,  as  previously  mentioned,  requiring  stock-piling  of  ores  during 
the  open  navigation  season. 

Labor — Judging  from  the  very  small  number  reporting  on  labor 
problems,  namely  only  four,  we  would  conclude  that  aside  from  "strikes" 
characteristic  of  other  industrial  communities,  Gary  does  not  have  a 
particular  critical  labor  problem.  Only  several  reported  labor  shortages, 
one  such  observation  being  "when  things  are  good,  efficient  help  is  hard 
to  find."  This  same  respondent  reported  that  a  considerable  part  of  the 
labor  force  is  now  made  up  of  immigrants  from  the  South. 

Industrial  Land — Only  five  of  the  industrialists  specifically  pointed 
to  any  local  industrial  real  estate  problems.  These  will  be  referred  to 
under  the  section  on  community  planning. 

Governmental  Controls — Strikingly  few,  then,  as  are  the  comments 
concerning  defective  qualities  of  region  or  site  for  the  location  of  the 
manufacturing  industries  in  Gary,  grievances  on  governmental  regu- 
latory measures  and  costs  involved  elicited  some  comment  by  almost 
everyone  of  the  questionnaired  respondents.  "Excessive  taxes"  heads 
the  list  of  such  grievances,  no  less  than  nineteen  specifically  accenting 
this  phase  of  cost  production.  Tax  figures  are  not  available  from  other 
steel  centers  of  the  United  States  to  indicate  whether  such  costs  are 
higher  in  Gary  than  elsewhere.  Several  comments,  however,  may  be 
quoted  to  indicate  the  views  on  this  point:  Unfair  and  duplicate  tax 
laws,  including  federal  and  state  transportation,  gasoline,  telephone,  and 
power  taxes;  extra  gross  state  income  taxes;  taxes  are  too  high  for 
new  business;  high  taxes  have  ruined  .  .  .  future  expansion.  Complaints 
on  other  general  government  regulatory  and  costly  items  include  the 
following:  Increasing  parcel-post  rates;  transportation  control  laws; 
workmen  compensation,  "fair  labor"  .  .  .  acts,  fair  employment  acts; 
cost  of  required  tests;  governmental  controls;  high  over-head  due  to 
keeping  own  government  records;  strict  ordinances  as  to  quality  of 
products;    truck    licensing,    state    and    city;    certain    labor   legislation. 
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The   "Gary   Industrial   Foundation,   Incorporated"   Seeks   to 
Broaden  the  Manufacturing  Base  of  Gary 

A  major  contributing  factor  to  the  phenomenal  industrial  expansion 
of  the  entire  Calumet  Region  and  particularly  of  the  Gary  district  is 
not  revealed  in  maps,  nor  even  in  the  landscape.  In  addition  to  being 
supported  by  most  active  chambers  of  commerce  organizations  through- 
out the  industrial  community,  several  of  the  leading  Calumet  industrial 
areas  have  the  benefit  of  specific  industrial  organizations  committed 
to  the  task  of  improving  environmental  facilities  to  attract  industry. 
Thus  we  note  the  Greater  Michigan  City  Industrial  Committee  at  the 
northeast  extremity  of  the  Calumet  Region,  and  the  Manufacturers' 
Association,  embracing  several  industrial  communities  centered  upon 
Chicago  Heights  on  the  Illinois  side  of  the  west  end  of  the  Calumet 
Region  (Fig.  1).  In  1945,  a  similar  organization  known  as  the  "Gary 
Industrial  Foundation,  Incorporated"  (Fig.  2)  was  organized  for  the 
following  purposes:  "To  promote,  foster  and  encourage  post-war  indus- 
trial development  in  and  about  the  city  of  Gary,  Indiana;  to  solicit  and 
receive  contributions  of  money  and  property,  real  and  personal;  to 
assist  by  means  of  loans  or  otherwise  manufacturing  plants  and  other 
employers  of  labor  not  located  within  the  Gary  district  or  desirous  of 
so  locating;  to  aid  in  the  creation  of  employment  opportunities  for 
returning  servicemen  and  women;  and  to  operate  and  function  as  a 
civic  organization  for  the  general  betterment  and  welfare  of  Gary, 
Indiana,  and  its  citizens"  (5).  The  organization  consists  of  a  Board 
of  Directors  of  twenty-one  members,  and  services  are  "performed  with- 
out gain  or  profit  to  its  members"  (4).  The  annual  reports  issued  by 
the  organization  reveal  a  close  inventory  on  industrial  developments 
and  future  potentials,  as  well  as  the  diverse  types  of  services  per- 
formed by  the  organization.  One  of  the  major  objectives  of  the  organ- 
ization is  to  seek  diversity  of  industries.  Thus,  in  its  tenth  annual 
report  (1954-55),  attention  is  directed  to  the  fact  that  "more  than  twenty- 
five  industries  of  various  employment  capacities  have  increased  the  job 
opportunities  more  than  three  thousand"  (6). 

Alerted  to  the  keen  competition  for  industrial  promotion  of  other 
regions  in  the  United  States,  the  foundation  recognizes  the  need  of  not 
merely  publicizing  the  opportunities  for  industry  in  the  Gary  district, 
but  also  to  be  of  specific  help  in  locating  and  developing  industrial 
property.  Thus  again,  the  various  reports  show  the  organization's  spe- 
cific interest  in  industrial  real-estate:  "In  the  past  fiscal  year  (1954-55) 
there  has  been  the  initial  development  of  some  of  the  two  hundred  and 
forty-five  acres  of  industrial  land  that  will  comprise  the  Gary  industrial 
district.  Filling  and  grading  of  the  south  end  of  the  smaller  tract 
involving  some  ten  thousand  cubic  yards  of  fill  at  an  expense  of  $7,000 
has  made  that  area  available  for  the  establishment  of  the  first  industry 
to  occupy  a  parcel.  .  .  .  The  development  of  Gary  industrial  district 
should  proceed  through  continual  improvement  of  sites  and  the  extension 
of  water,  sewer,  and  roadways  into  the  northern  part  of  the  smaller 
sections.  Plans  should  be  prepared  for  the  development  of  the  larger 
tract  after  the  construction  of  the  Toll  Road.    .    .    .    Some  studies  have 
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been  made  and  a  topographic  survey  completed  for  the  purpose  of 
determining  the  probable  cost  of  developing  the  170  acres  in  the  larger 
site  between  15th  Avenue  and  the  Wabash  Railway  extending  from  Mis- 
sissippi Street  to  the  Toll  Road  entrance"  (5).  The  12th  annual  report 
(1956-57)  lists  fifteen  firms  which  "have  been  served  by  grants,  loans, 
and  services  in  a  program  to  advance  the  industrial  development  and 
job  opportunities  in  Gary"  (6).  This  is  reported  as  having  added 
$5,000,000  to  the  assessed  valuation  of  taxable  property  in  Gary  and 
as  adding  3,000  persons  to  the  industrial  payrolls. 

Future  Perspective 

Expansion — Lake  County,  particularly  the  northern  portion  in  which 
industries  are  located  and  of  which  Gary  may  be  called  the  industrial 
capitol,  has  recently  witnessed  one  of  the  largest  industrial  and  popu- 
lation growth  in  the  state  of  Indiana,  or  in  the  Midwest,  for  that  matter. 
It  is  the  leading  Indiana  county  in  value  added  by  manufacturing — 
$965,314,000,  as  compared  with  Marion  County,  including  Indianapolis, 
the  next  highest  ($844,783,000)  (18).  "Total  value  of  building  starts  in 
Lake  County  in  the  nine  months,  that  is  the  first  nine  months  of  1957, 
was  $69,719,552  (10a).  Considering  its  relatively  late  start  in  Indiana's 
industrialization,  this  northwest  corner  of  the  state  thus  shows  prom- 
ising upward  curve  in  industrial  development. 

Seven  of  the  establishments  surveyed  anticipated  substantial  future 
growth.  As  one  firm  spokesman  observed:  "Continued  population 
growth,  along  with  sound  sales  promotion,  makes  future  bright."  An- 
other representative  comment  points  to  new  markets:  "We  look  to 
probable  expansion  in  capacity  in  present  undeveloped  territories,  i.e., 
the  South  as  a  whole,  northern  Minnesota,  Wisconsin,  Michigan,  the 
Northwest  (Oregon,  Washington)  and  Canada. 

Technological  Impacts — Increasing  efficiency  of  technological  proc- 
esses is  another  category  of  anticipated  expansion  possibilities:  Some 
day  the  steel  operation  will  be  one  continuous  process  from  raw  materials 
to  finished  products;  the  development  of  automatic  welding  and  so 
forth  will  reduce  costs;  new  structural  designs  and  fabricating  methods 
help  to  rejuvenate  this  phase  of  industry;  expansion  will  extend  into  as 
yet  untouched  or  undeveloped  fields  of  steel  production.  Of  the  twenty- 
five  firms  reporting  for  this  category,  only  two  or  three  were  seriously 
concerned  with  curtailment  of  markets  for  their  products  either  because 
of  critical  competition  or  other  factors.  Technological  advances  in  ex- 
ploiting the  leaner  iron  ores  of  the  Great  Lakes  Region,  such  as  the 
Mesabi  taconite,  reassure  the  Chicago-Gary  district  a  regional  supply 
of  ore  for  many  decades  to  come,  after  the  richer  hematite  is  exhausted. 
Taconite  calls  for  particular  beneficiation  treatment,  but  this  is  now  in 
sight:  "Since  every  large  ore  producer  in  the  Lake  Superior  District 
has  established  well-equipped  research  laboratories,  it  is  entirely  con- 
ceivable that  within  twenty-five  years  commercial  operations  will  be 
established  on  the  Mesabi  Range  for  the  non-magnetic  taconites.  .  .  . 
By  the  beginning  of  the  next  century,  shipments  of  taconite  concentrate 
could  rise  to  60  million  tons  available  for  transportation  on  the  Great 
Lakes"   (13). 
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Regional  Transportation  Developments  and  Port  Projections — While 
the  steady  growth  of  the  Gary  industries  thus  seems  well  assured  in 
view  of  the  survey  data  and  promotional  and  planning  activity  cited 
above,  there  appear  as  yet  no  available  measurable  criteria  for  pre- 
dicting just  what  effects  newly  established  and  recently  proposed  trans- 
portational  and  port  developments  have,  or  will  have,  upon  the  immediate 
industrial  vicinity  of  Gary.  We  have  here  in  mind:  (1)  The  scheduled 
completion  of  a  27-foot  channel  of  St.  Lawrence  Seaway  in  1959; 
(2)  a  contemplative  completion  of  the  Cal-Sag  project  by  1963;  (3)  the 
controversial  projection  of  the  Burns'  Ditch  development  of  a  harbor 
and  port  for  northwest  Indiana,  only  some  five  or  six  miles  east  of 
Gary   (Fig.  2). 

As  indicated  by  a  steel  fabricator  in  Gary,  establishment  of  contem- 
plated steel  industries  would  definitely  result  in  competition  with  certain 
Gary  steel  manufacturers.  Another  observes:  "It  would  further  depress 
the  social  conditions  and  cause  a  greater  unbalance  of  the  economy." 
However  this  may  be,  it  is  obvious  that  the  establishment  of  new 
industries  about  a  port  would  result  in  an  acceleration  of  the  already 
phenomenal  expansion  of  population  eastward  along  the  south  shore 
of  Lake  Michigan,  which  may  well  result  ultimately  in  a  conurbanization 
of  the  entire  lake  shore  all  the  way  to  Michigan  City  (Fig.  2).  Needless 
to  say,  many  of  the  residents  of  the  area  who  now  work  in  Gary,  and 
many  others  who  have  come  to  establish  their  homes  in  the  region, 
as  well  as  all  those  in  the  greater  Midwest  who  accent  the  amenities 
and  aesthetics  of  living,  are  alarmed  lest  such  progressive  industrial 
development  finally  encroach  upon  the  last  vestiges  of  the  picturesque 
lake-beach-dune-forest  landscape,  unique  in  historic  tradition,  in  recre- 
ative facilities,  and  in  geologic  and  biologic  field  studies. 

In  an  article,  "Indiana  and  the  St.  Lawrence  Seaway,"  the  Indiana 
Business  Review  points  to  "advantages  and  disadvantages  of  a  harbor 
at  Burns'  Ditch."  In  its  comparative  analyses  of  existing  harbors  and 
other  proposed  port  sites,  it  points  to  the  disadvantages  of  deep-sea 
harbor  developments  at  East  Chicago,  Michigan  City,  and  Gary  because 
of  the  built-up  character  of  the  environs  by  private  industry.  "Gary  has 
no  public  shoreline,  since  almost  all  of  its  shoreline  is  owned  by  the 
numerous  industries  located  in  the  city.  There  is  no  chance  for  public 
harbor  development  in  this  congested  area.  .  .  .  The  proposed  Burns' 
Harbor  lies  on  the  eventual  extension  of  the  Calumet-Sag,  which  has 
been  authorized  for  extension  eastward  to  Clark  Street  in  Gary.  Any 
future  Sag  Canal  extension  undoubtedly  would  skirt  the  southern  edge 
of  Gary,  rather  than  continue  to  the  center  of  the  city.  The  canal  then 
would  follow,  more  or  less,  the  route  of  the  Little  Calumet  River  east- 
ward to  within  a  few  miles  of  the  proposed  Burns'  Harbor  if  this 
channel  were  developed,  it  would  connect  to  the  Illinois  River,  the  main 
barge-line  link  to  the  Mississippi  waterway  in  the  west"  (11).  The 
extension  of  such  additional  barge  transport  might  well  bring  some 
commercial  benefit  to  the  Gary  community. 

Effects  of  New  Toll  Road  and  Projected  Tri-State  Highway  (Fig. 
2) — It  seems  too  early  to  measure  the  extent  to  which  these  new 
highways  will  facilitate  trucking  and  passenger  service,  regionally  and 
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intra-regionally.  "Faster  delivery"  and  "convenience  for  salesmen"  were 
a  few  of  the  observed  comments  on  advantages,  while  several  others 
recognized  no  perceptible  benefits  to  their  particular  establishments. 
While  specific  plant  benefits  may  not  be  apparent,  there  is  no  question 
but  what  these  major  thoroughfares  substantially  help  to  relieve  increas- 
ing critical  traffic  congestion  in  the  Gary-Chicago  area  as  well  as 
accelerate  highway  transport  to  distant  points. 

Blueprinting   the    Future   Industrial   Pattern  of   Gary   Through 
Comprehensive  Geographic  Survey  and  Planning 

Having  dealt  in  the  previous  sections  with  the  larger  regional  geo- 
graphic aspects  to  which  the  destiny  of  Gary's  industrial  development 
is  related,  let  us  now  consider  those  local  design  factors  which  must 
be  properly  blue-printed  in  order  satisfactorily  to  co-ordinate  them 
with  the  extra-regional  pattern  of  Gary's  coveted  destiny — an  enduring 
favorable  competitive  market  in  steel  supplemented  by  an  extension 
of  markets  for  diversified  manufactured  products  related  and  unrelated 
to  "Big  Steel." 

In  terms  of  the  local  landscape  the  question  logically  arises,  "Does 
Gary  possess  the  geographic  attributes  of  desirable  quantity  and  quality 
of  industrial  sites  presently  occupied  and  additionally  zoned  for  future 
potential  appropriation  by  industry?"  The  Indiana  Department  of  Com- 
merce, Planning  and  Development,  particularly  emphasizes  additionally 
the  availability  of  site,  i.e.,  areas  not  only  zoned  for  industry,  but  "either 
optioned  or  owned  by  an  individual  or  an  organization  from  whom  it 
may  be  purchased  at  a  firm  price  attractive  to  the  prospect"  (10b). 
This  latter  feature  is  supplied  in  the  case  of  Gary  by  the  Industrial 
Foundation,  Incorporated,  alluded  to  previously. 

But  now  let  us  briefly  survey  the  industrial  planning  and  zoning 
situation,  first  taking  a  glance  at  the  industrial  land  use  pattern  as 
it  existed  prior  to  1957  when  the  newly  revised  zoning  ordinance  was 
effected.  Albert  E.  Dickens,  Urban  Economic  Consultant,  engaged  by 
the  Gary  professional  planners — Evert  Kincaid  Associates — evaluated 
the  manufacturing  land  requirements  thus: 

With  but  one  or  two  exceptions,  the  major  existing  manufac- 
turing establishments,  including  United  States  Steel,  have  ade- 
quate land  for  considerable  future  expansion.  But  outside  the 
holdings  of  the  Gary  Industrial  Foundation,  there  is  at  present 
an  insufficient  amount  of  land  zoned,  serviced,  and  properly 
located  for  providing  space  for  new  medium-sized  or  large 
manufacturing  plants.  Moreover,  Gary  has  very  few  vacant 
industrial  structures.  This  is  a  serious  deficiency  when  it  is 
recalled  that  future  employment  expansion  may  be  somewhat 
limited  among  Gary's  existing  manufacturing  concerns.  There- 
fore, to  attain — to  surpass,  if  possible — future  employment 
goals,  Gary  must  attract  new  manufacturers,  preferably  con- 
sumer goods  plants,  in  order  to  diversify  to  the  maximum  extent 
possible,  the  city's  economic  make-up. 

Fortunately  there  is  an  abundance  of  gross  space  within  the 
city  which,  through  appropriate  reclaiming,  servicing  and  zon- 
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ing,  can  be  brought  into  use  for  manufacturing  and  industrial 
sites.  The  manufacturing  plants  here  contemplated  would,  in 
general,  be  one-story  extended  type  structures  designed  to  blend 
well  with  the  immediate  physical  environment,  and  they  should 
be  "nonnuisance"  operationally,  in  order  not  to  affect  adversely 
any  residential  areas  they  might  initially  or  in  future  adjoin.  In 
order  to  achieve  as  much  geographical  dispersion  as  possible 
in  the  location  of  new  industries,  land  should  be  reclaimed, 
serviced,  and  otherwise  improved  in  the  southern  reaches  of 
the  city  in  the  general  area  traversed  by  the  Little  Calumet 
River,  and  in  the  southern  part  of  the  western  limb  of  the 
city.  These  are  both  population-growth  sections  and  would 
orient  well  to  localized  employment  sources. 

To  gain  the  employment  objectives  through  future  industrial 
growth  and  to  promote  its  geographical  dispersion,  approxi- 
mately 250  acres  of  industrial  sites  will  be  required  by  1970, 
in  addition  to  the  tracts  presently  owned  by  the  Gary  Industrial 
Foundation.  By  1980,  it  is  estimated  that  450  more  acres  may 
be  needed  for  industrial  and  manufacturing  uses. 

Coinciding  with  some  of  these  basic  observations  were  those  sub- 
mitted to  us  in  1953  by  one  of  Gary's  enterprising  engineering  indus- 
trialists. It  will  be  noted  that  this  interviewee  recognized  that  classify- 
ing industrial  land  requirements  into  simply  two  categories  "light" 
and  "heavy"  is  not  enough.  As  indicated  subsequently,  we  now  have 
in  effect  five.  But  let  us  first  see  how  this  local  industrialist  viewed 
the  entire  planning  situation: 

Your  questions  with  regards  to  zoning  are  interesting  because 
we  are  suffering  now  because  of  lack  of  proper  zoning  and 
planning.  Location  of  different  types  of  unrelated  industries 
with  respect  to  each  other  are  very  important.  This  fact  is 
often  forgotten  by  the  city  planners  during  the  natural  course 
of  city  growth.  It  is  not  enough  to  classify  an  area  simply 
as  for  "Light  Industry"  or  "Heavy  Industry."  There  are  many 
types  of  light  industry  and  all  should  not  be  located  in  the 
same  area.  For  example,  a  coal  yard  should  not  be  located 
near  a  watch  factory  even  though  both  are  light  industries. 
We  are  faced  with  the  consequences  of  this  type  of  division, 
and  it  is  affecting  plans  for  expansion. 

With  regard  to  aid  from  local  ordinances  we  have  found  that 
such  ordinances  mean  little,  and  favor  larger  industries  where 
there  is  a  substantial  economic  gain  to  be  had  by  the  com- 
munity. When  such  is  the  case  some  means  of  getting  around 
existing  ordinances  seem  always  to  be  available.  The  cultural 
interests  of  a  city  are  often  set  aside  for  economic  gains  whereas 
proper  consideration  should  be  given  to  both.  Every  city  should 
have  a  rigid  city  plan  which  should  be  followed  as  close  as 
possible  in  so  far  as  the  basic  plan  is  concerned.  In  fairness 
to  the  cities,  however,  it  is  true  that  many  times  a  city  does 
not  have  enough  to  force  through  corrective  ordinances. 
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The  Industrial  Pattern — All  community  planning  must  necessarily 
start  with  detailed  inventory  followed  by  meaningful  classifications  of 
total  land  use  of  direct  functional  value  to  the  professional  planner. 
One  of  the  most  impressive  survey  features  of  the  Gary  classified  inven- 
tory of  land  use  is  the  remarkable  complexity  of  many  of  the  small 
space  units  of  component  occupance,  challenging  the  finest  art  in  carto- 
graphic portrayal,  as  evidenced  by  the  maps  in  the  Kincaid  offices.  For 
our  own  purposes,  the  Gary  industrial  sites  for  the  most  part  have  been 
mapped  and  classified  as  shown  in  Figure  2.  Perhaps  the  first  industrial 
feature  that  strikes  the  eye  of  the  average  viewer  is  the  extraordinary 
expanse  of  the  site  along  Lake  Michigan  occupied  by  the  U.  S.  Steel 
Corporation,  and  the  Universal  Atlas  Cement  Co.,  some  of  it  on  man- 
made  land;  next,  the  adjacent  sizable  subsidiary  and  other  tracts  oriented 
on  the  rail  belt  and  the  Grand  Calumet;  a  third  triangular  area  of 
smaller  units  in  the  center  focused  on  antecedent  rail  junction,  Toleston, 
on  the  northwest,  and  the  vicinity  of  Broadway  on  the  east.  Besides 
these  there  are  some  half-dozen  more  or  less  small  plants  south  of  the 
Little  Calumet  River  and  a  similar  number  off  the  map  to  the  east. 

Classification-wise    the    site    dimensions    are    likewise    significant. 

Weight  and  bulkiness  of  raw  materials  normally  demand  a  lot  of  ground 
space  with  a  minimum  number  of  storied  structures.  This  is  exhibited 
particularly  by  the  sites  occupied  by  primary  metals,  fabricated  metals, 
and  stone-clay  (cement)  plants.  Thus,  this  is  one  of  the  distinctive  land 
quality  features  that  must  be  reckoned  with  in  planning  for  any  further 
expansion  of  such  types  of  industry. 

Unlike  most  other  older  heavily  industrialized  communities,  Twen- 
tieth-century born  Gary  does  not  exhibit  in  its  main  industrial  structure 
much  regional  differentiation  between  "relict"  and  modern  sites.  Even 
the  more  "ancient"  Toleston  triangle  incorporates  plants  belonging  to 
one  or  another  of  the  five  decades  of  manufactural  Gary.  Here,  however, 
the  elements  of  time  and  space  have  conspired  to  introduce  planning 
and  zoning  complications.  It  will  be  noted  on  the  map  that  the  industrial 
tracts  are  characteristically  small,  the  plants  diverse,  and  in  part  close-in 
to  the  business  "core."  Street  blocks  here  are  among  the  smallest  in 
the  city,  and,  as  shown  on  the  General  Land  Use  map  in  the  planners' 
office,  the  area  not  only  features  business  establishments  but  likewise 
comprises  both  contiguous  and  spotty  sections  of  residence  of  both 
the  one-two  family  dwellings  and  multiple-family  dwelling  classifications. 
It  is  obvious  that  such  complex  geographic  pattern  presents  a  real 
challenge  to  the  planner  whose  business  in  part  it  is  to  allocate  properly 
related  geographic  space  to  satisfy  all  interests — residential,  commercial, 
and  industrial.  As  shown  in  Figure  2,  the  tracts  now  zoned  here  for 
industry  are  in  the  "Limited  Manufacturing"  category  (M  1-1)  with 
the  lowest  "ratio  of  maximum  floor  area"  to  ground  space,  namely,  1.5. 

This  sub-areal  industrial  classification  suggests  the  recently-zoned 
refinement  of  the  earlier  alleged  defective  classification  of  only  two 
classes — light  and  heavy.   The  present  "Ordinance  for  the  Comprehensive 
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Amendment  of  the  Zoning  Ordinance  for  the  city  of  Gary,  Indiana"! 
recognizes  three  main  categories,  instead  of  two:  Limited  Manufac- 
turing (corresponding  essentially  to  the  former  "light");  General  Man- 
ufacturing; and  Heavy  Industry.  These  are  designated  on  the  sectional 
zoning  maps  as  M  1,  M  2,  and  M  3,  respectively,  and  the  nomenclature 
is  thus  transferred  to  our  unified  map  (Fig.  2).  Each  of  the  first  two 
are  divided  into  two  subcategories  with  respect  to  the  "maximum  floor 
area  ratio,"  determined  by  dividing  the  floor  area  of  the  building  or 
buildings  by  the  area  of  the  zoning  lot  on  which  they  are  constructed 
"or  in  the  case  of  plan  development,  by  the  net  site  area."  Thus  the 
two  subcategories  under  limited  manufacturing  of  1.5  and  2.4;  and  those 
under  general  manufacturing  3.2  and  5.0.  The  M.F.A.  of  the  heavy 
industrial  district  is  5.0  (7).  To  realize  the  maximum  planning  advan- 
tages, specific  indications  of  types  of  industries  for  such  manufacturing 
districts  are  noted,  together  with  the  restrictive  specifications  including 
performance  standards,  such  as  apply  to  noise,  odorous  matter,  vibra- 
tion, toxic  or  noxious  matter,  glare  or  heat,  fire  and  explosive  hazards, 
and  other  possible  nuisance  characteristics.  Following  a  rather  common 
practice  in  the  early  days  of  planning,  Gary,  like  other  communities, 
prohibited  industrial  establishments  from  entering  restricted  residence 
zones,  but  did  not  prevent  residences  from  entering  areas  zoned  for 
industry.  The  revised  ordinance  now  provides,  however,  that  areas  zoned 
for  industry  may  not  be  used  for  residential  purposes.  Limited  com- 
mercial use  may  be  permitted. 

Besides  the  regulatory  restrictive  horizontal  and  vertical  space  di- 
mensions applicable  to  the  several  classifications  and  districts  consistent 
with  what  is  regarded  today  as  sound  siting  and  building  construction, 
apparently  due  consideration  has  been  given  to  the  growth  requirements 
of  industries  of  Gary.  Mr.  Edmund  B.  Walker,  vice-president  of  Evert 
Kincaid  and  Associates  (Chicago),  estimates  that  the  present  zoning 
provides  for  at  least  20-25  percent  increase  in  industrial  acreage,  and 
that  the  overall  major  planning  pattern  will  prospectively  serve  the 
community  up  to  around  the  year  1980.  He  also  observed  that  while 
the  Gary  industrial  zoning  structure  was  not  patterned  after  that  of 
Chicago,  the  two  do  reflect  a  striking  resemblance. 

The  planning  enterprise  of  Gary  thus  seems  to  support  the  pre- 
viously developed  geographic  thesis  envisioning  a  strengthening  of 
the  industrial  potential  of  Gary. 
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Development    and   Utilization   of   Underground 
Gas  Storage  in  Indiana 

Robert   V.   Kirch,   Indianapolis   Extension,   Indiana  University 

The  financial  and  operational  benefits  of  underground  gas  storage 
are  so  substantial  that  gas  utilities  in  Indiana  and  other  states  are 
diligently  pursuing  a  plan  of  action  to  discover  and  develop  underground 
storage  facilities.  Generally  speaking,  a  gas  utility  with  one  or  more 
underground  gas  reservoirs  can  solve  the  major  problem  of  meeting 
its  peak  demands  for  gas,  increase  the  number  of  customers  who  can 
be  served,  reduce  the  costs  of  purchasing  gas,  and  improve  the  operating 
efficiency  of  its  equipment  and  pipe  lines. 

In  order  to  understand  the  fundamental  economic  and  operational 
advantage  of  underground  storage,  one  must  be  aware  of  the  general 
supply  situation  in  the  gas  business  as  it  relates  to  the  extensive  use 
of  natural  gas  as  a  fuel  for  space  heating,  i.e.,  heating  residential, 
commercial,  and  institutional  buildings.  At  the  present  time,  a  utility 
obtains  its  gas  supply  for  space  heating  and  other  purposes  from  pipe 
line  corporations  who  transport  the  gas  from  the  vast  gas  deposits 
located  in  the  southwest  section  of  the  United  States.  When  space 
heating  requirements  reach  their  peak  on  extremely  cold  winter  days, 
these  transmission  pipe  lines  operate  at  maximum  capacity.  Conse- 
quently, they  have  no  additional  volumes  of  gas  to  deliver  to  local  gas 
utilities.  Therefore,  a  utility  must  limit  its  service  to  the  number  of 
customers  it  can  adequately  serve  on  the  coldest  day  of  the  year,  con- 
sidering the  supply  of  gas  allocated  to  it  from  the  interstate  supplier. 
During  the  warmer  months  of  the  year  when  the  need  for  space  heating 
gas  is  absent,  however,  the  supply  situation  is  reversed.  The  interstate 
pipe  lines  have  the  capacity  to  deliver  large  quantities  of  gas  but  now 
the  utility  has  no  suitable  market  for  it.  Underground  storage  makes 
it  possible  for  a  gas  utility  to  take  substantial  volumes  of  this  available 
gas  and  store  it  for  use  during  the  winter  heating  season  (November 
through  March).  With  this  additional  supply  of  gas,  a  utility's  capacity 
to  meet  peak  loads  will  be  so  improved  that  it  can  now  serve  many 
more  customers  and  increase  its  revenues  accordingly. 

At  the  present  time,  there  are  over  two  hundred  underground 
storage  fields  in  operation  in  this  country  with  an  estimated  deliverable 
volume  of  almost  two  trillion  cubic  feet.  These  reservoirs  represent 
a  capital  investment  of  $456,000,000 — approximately  $350,000,000  of  this 
total  has  been  invested  since  1949  (1). 

Most  underground  storage  installations  are  constructed  from  sub- 
terranean stone  formations  that  formerly  held  natural  gas.  In  other 
words,  depleted  and  exhausted  gas  fields  are  reconditioned  to  again 
hold  gas.  Gas  utilities,  with  the  assistance  of  geologists,  have  been 
quite  successful  in  utilizing  these  local  fields  for  storage  purposes. 
Understandably,  such  fields  are  not  available  to  all  gas  utilities — various 
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areas  and  regions  of  the  United  States  contained  no  natural  gas  deposits. 
Nevertheless,  gas  companies  in  such  areas  do  have  a  chance  to  develop 
underground  reservoirs,  provided  they  can  discover  and  utilize  non-gas 
bearing  rock  structures  capable  of  holding  gas.  In  attempting  to  con- 
struct this  type  of  reservoir,  the  element  of  risk  is  definitely  greater 
because  there  is  no  assurance  that  a  particular  geological  formation  has 
the  ability  to  retain  natural  gas.  In  developing  a  storage  facility  from 
an  old  gas  field,  on  the  other  hand,  it  is  known  that  the  formation  at 
one  time  was,  and  probably  still  is,  capable  of  storing  gas.  The  biggest 
problem  in  making  these  abandoned  fields  usable  or  gas-tight  once 
more  is  to  find  and  seal  all  the  open  well  holes  previously  drilled  into 
the  formation. 

In  both  the  gas  bearing  and  non-gas  bearing  structures,  the  gas 
is  reintroduced  or  stored  in  stone  formations  characterized  by  a  high 
degree  of  porosity  and  permeability — a  porous  formation  which  lacked 
permeability  would  not  be  suitable  for  storage  purposes.  The  cross 
section    diagram    (Fig.    1)    illustrates    the    geological    requirements    of 


Figure  1 


the  most  common  type  of  gas  reservoir,  a  domal  gas  pool.  Notice 
that  the  several  layers  of  rock  strata  conform  to  the  shape  of  a  large 
dome.  The  porous  and  permeable  layer  or  bed  of  rock  which  is  to  hold 
the  gas  is,  in  this  case,  sandstone — limestone  is  another  common  storage 
agent.  The  gas,  under  pressure,  is  forced  into  and  stored  in  the  billions 
of  tiny  pores  and  crevices  of  the  sandstone.  In  some  formations,  these 
openings  are  so  minute  that  they  are  not  visible  to  the  naked  eye. 
From  this  description,  then,  it  is  apparent  that  underground  storage 
does  not  involve  the  discovery  and  use  of  large  caverns  or  underground 
cavities.  Of  course,  the  layer  of  sandstone  has  to  be  bracketed  by 
impervious  formations  to  prevent  the  gas  from  escaping.  The  cross 
section  view  shows  a  cap  of  leak-tight  Ironton  and  a  floor  of  leak-tight 
shale.  The  necessary  gastight  seal  is  completed  by  the  back  pressure 
which  develops  when  the  gas  injected  into  the  storage  formation  dis- 
places and  pushes  the  salt  water  to  the  sides  of  the  dome — salt  water 
or   brine   is  normally   found   in    such  formations.     The   gas   is   pumped 
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into  and  out  of  the  storage  field  through  the  five  wells  shown  in  the 
sketch. 

The  other  type  of  formation  utilized  in  underground  gas  storage 
is  the  porosity  lens  type.  Although  this  formation  does  not  have  a 
domal  shape,  it  still  involves  the  use  of  a  porous  and  permeable  layer 
of  rock  surrounded  by  impermeable  formations.  These  two  types  of 
storage  formation  may  be  anywhere  from  a  few  hundred  feet  beneath 
the  earth's  surface  to  four  or  five  thousand  feet  down.  The  gas  is 
stored  under  pressures  varying  from  one  hundred  to  one  thousand 
pounds  per  square  inch.  In  most  instances,  the  storage  pressure  is 
less  than  the  original  rock  pressure  of  the  formation — a  few  fields 
have  been  successfully  operated  at  pressures  above  the  original  rock 
pressure.  The  higher  the  compression,  the  greater  the  storage  capacity 
of  a  given  formation. 

Unfortunately,  the  advantages  of  underground  storage  are  not 
available  to  every  gas  utility.  Many  utilities  are  not  located  near  any 
abandoned  gas  fields  or  suitable  non-gas  bearing  formations.  Prin- 
cipally because  of  exhausted  gas  fields,  the  states  of  West  Virginia, 
Pennsylvania,  New  York,  Ohio,  and  Kansas  contain  the  greatest  num- 
ber of  storage  projects.  Pennsylvania  and  West  Virginia  have  the  high- 
est number  of  underground  storage  facilities,  sixty  and  thirty-seven, 
respectively. 

Although  not  as  fortunate  as  some  states  with  respect  to  storage 
strata,  Indiana  possesses  limited  opportunities  for  the  construction  of 
underground  gas  reservoirs.  Currently,  five  gas  companies,  including 
an  interstate  pipe  line  supplier,  have  developed,  or  are  in  the  process 
of  developing,  such  reservoirs  in  this  state.  Only  two  of  these  reservoirs 
will  be  constructed  from  geological  formations  which  have  not  previously 
held  natural  gas.  The  locations  of  these  storage  fields  are  indicated 
by  the  circles  shown  on  the  map  of  Indiana  (Fig.  2).  The  map  also 
shows,  by  dashed  lines,  the  interstate  pipe  lines  which  serve  Indiana. 
Observe  the  proximity  of  the  storage  fields  to  these  supply  lines. 
Because  of  the  high  costs  of  constructing  connecting  pipe  lines  from 
the  storage  site  to  the  pipe  lines  of  the  utility  and  the  transmission 
corporation,  a  gas  utility  must  limit  itself  to  explorations  for  under- 
ground storage  in  the  vicinity  of  its  general  service  area  and  the  sup- 
plier's pipe  lines. 

The  Texas  Gas  Transmission  Corporation,  one  of  four  interstate 
pipe  lines  in  Indiana,  has  four  of  the  ten  storage  projects  in  this  state. 
The  interstate  supplier's  interest  in  underground  storage  is  not  unlike 
that  of  the  local  distributing  gas  utility.  This  corporation  developed 
the  first  operating  storage  reservoir  in  the  state  of  Indiana  in  1944. 
The  Oaktown  Field,  located  three  miles  west  of  the  town  of  Oaktown 
in  Knox  County,  was  developed  by  merely  converting  a  natural  gas 
field,  which  was  still  producing  small  quantities  of  gas,  into  a  storage 
facility.  Since  this  field  was  still  in  production  when  the  conversion 
took  place,  its  ability  to  hold  natural  gas  was  conclusively  established. 
The  usual  search  for  possible  openings  or  leaks  in  the  formation  was 
not  necessary.    Furthermore,  the  pipe  lines  and  equipment  already  in- 
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stalled  to  take  gas  out  of  the  field  were  used  to  deliver  and  pump  gas 
into  the  formation.  The  storage  potential  of  this  field  is  rated  slightly- 
over  one  billion  cubic  feet. 

The  corporation's  second  project  is  known  as  the  Alford  Field  and 
is  situated  two  miles  east  of  the  town  of  Alford  in  Pike  County.  This 
storage  pool  of  four  billion  cubic  feet  capacity  was  constructed  from 
a  depleted  and  abandoned  gas  and  oil  field.  The  problems  encountered 
in  making  this  old  field  usable  again  are  indicative  of  the  general  con- 
struction situation.  All  the  old  unplugged  or  improperly  plugged  well 
holes  had  to  be  located  and  sealed  to  make  the  formation  gastight. 
To  do  this,  hundreds  of  acres  of  land  had  to  be  carefully  searched. 
For  the  most  part,  there  were  no  written  records  of  these  wells  to 
aid  the  searchers.  Before  the  Alford  Field  was  satisfactorily  sealed, 
eighty  well  holes  had  to  be  plugged.  It  took  two  years  of  searching  to 
finally   find   one   of   these   abandoned  wells   which  was   leaking   gas. 

Texas  Gas  Transmission  Corporation  is  currently  developing  a 
third  storage  facility  near  the  town  of  Leesville  in  Lawrence  County. 
Begun  in  1955,  this  project  is  still  in  the  experimental  stage.  Here, 
the  corporation  plans  to  use  a  non-gas  bearing  stratum  as  a  reservoir. 
Geological  analysis  of  this  formation  indicates  the  possibility  of  a  water 
bearing  rock  structure  with  a  good  seal.  Numerous  test  or  core  holes 
have  been  drilled  to  determine  the  suitability  of  this  formation  for 
storage  purposes.  The  storage  process  at  the  Leesville  Field  will  begin 
when  the  introduction  of  gas,  under  high  pressure,  displaces  and  holds 
back  the  water.  The  huge  "gas  bubble"  which  forms  at  the  point  of 
injection  constitutes  the  storage  volume. 

The  initial  development  of  this  corporation's  most  recent  project 
occurred  in  1957  in  the  area  just  north  of  the  town  of  Wilfred  in 
Sullivan    County.    This    area    contains    an    abandoned    gas    field. 

The  Southern  Indiana  Gas  and  Electric  Company,  serving  the  Mt. 
Vernon-Evansville-Newburg  area  along  the  Ohio  River,  operates  an 
underground  storage  field  near  the  town  of  Oliver  in  Posey  County. 
The  Oliver  Field  was  created  in  1954  by  reconditioning  a  gas  bearing 
formation  to  again  hold  natural  gas.  Representing  a  $1,100,000  invest- 
ment, the  project  has  a  rated  storage  capacity  of  2,300,000,000  cubic 
feet.  In  order  to  improve  the  field's  daily  deliverability  or  ability  to 
supply  more  gas  for  peak  day  demands,  additional  wells  have  been 
drilled  into  the  storage  formation.  This  allows  more  gas  to  be  pumped 
out  of  storage  on  any  given  winter  day.  It  also  reduces  the  time  required 
to  recharge  or  refill  the  reservoir.  Increasing  the  number  of  wells  to 
boost  a  storage  field's  daily  deliverability  is  a  common  practice. 

The  Central  Indiana  Gas  Company  which  serves  the  Muncie-Marion- 
Anderson  area  began  construction  on  its  storage  field  in  1957  after 
several  years  of  investigation  and  exploration.  The  project  is  located 
in  Randolph  County  between  the  towns  of  Modoc  and  Unionport.  Costing 
a  minimum  of  two  million  dollars,  the  reservoir  is  estimated  to  have 
a  storage  capacity  of  no  less  than  two  billion  cubic  feet.  A  limestone 
formation  which  once  held  natural  gas  is  being  used  to  develop  this 
reservoir — it   formed   a   segment   of   the   famous   Trenton   Field   which 
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was  discovered  in  Indiana  in  1886.  Extending  to  twenty-three  counties 
in  Indiana,  this  gas  field  is  outlined  on  the  map  (Fig.  2). 
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The  Hoosier  Gas  Corporation  which  serves  the  territory  in  and 
around  the  cities  of  Vincennes  and  Washington  has  recently  placed 
in  service  an  underground  storage  field.  Known  as  the  North  Glendale 
Field,  it  is  situated  seven  miles   southeast  of  the  city  of  Washington 
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in  Daviess  County.  Construction  was  started  in  the  spring  of  1955,  and 
the  first  input  of  storage  gas  occurred  in  the  summer  months  of  the 
following  year.  Utilizing  an  exhausted  gas  field,  a  reservoir  with  a 
capacity  of  500,000,000  cubic  feet  was  created. 

Indiana  Gas  and  Water  Company  completes  the  list  of  gas  utilities 
in  Indiana  that  have  made  use  of  the  technique  of  underground  storage 
of  gas.  This  utility,  serving  central  and  southern  Indiana,  has  two 
installations  in  operation  and  a  third  project  under  construction.  The 
company's  first  project  was  started,  completed,  and  placed  in  service 
during  1950.  Located  five  miles  south  of  the  city  of  Greensburg  in 
Decatur  County,  a  producing  gas  field  was  simply  converted  into  a 
storage  reservoir.  The  reservoir  serves  the  area  around  the  city  of 
Greensburg  with  a  storage  capacity  of  one  billion  cubic  feet.  The  second 
project  was  constructed  from  an  old,  depleted  gas  field  located  just 
west  of  the  town  of  Unionville  in  Monroe  County.  The  Unionville 
Field,  representing  a  $500,000  expenditure,  has  a  capacity  of  1,700,- 
000,000  cubic  feet.  This  project  was  initiated  in  the  winter  of  1953; 
the  first  year  of  input  began  in  the  fall  of  1954. 

At  the  present  time,  the  Indiana  Gas  and  Water  Company  is  working 
on  a  third  storage  site  adjacent  to  the  town  of  Westpoint  in  Tippecanoe 
County.  Started  early  in  1956,  experimentation  is  still  being  carried 
on  to  ascertain  the  suitability  and  storage  potential  of  a  non-gas  bearing 
structure,  water-bearing  limestone.  When  completed  the  reservoir  will 
serve   such  cities   as  Lafayette,  West  Lafayette,   and  Crawfordsville. 

It  is  safe  to  say  that  the  utilities  already  named,  as  well  as  the 
other  Indiana  gas  companies,  are  interested  in  finding  additional  storage 
sites.  Some  are  currently  engaged  in  preliminary  investigations  and 
explorations  with  this  objective  in  mind.  The  greatest  potential  for 
underground  storage  development  lies  in  the  central  and  southern  sec- 
tions of  Indiana  where  the  state's  natural  gas  fields,  now  depleted, 
are  located  and  where  geological  formations  of  a  non-gas  bearing 
nature  are  most  favorable  for  holding  gas.  It  is  here  that  gas  utilities, 
including  interstate  pipe  line  corporations,  are  centering  their  attention. 

With  both  interstate  and  intrastate  gas  utilities  seeking  appropriate 
storage  sites  in  the  state,  further  underground  storage  developments 
are  a  certainty.  Indiana  residents  and  businesses  are  thus  assured  a 
greater  natural  gas  supply  to  meet  the  ever-increasing  demand  for  this 
premium  heating  fuel. 
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Some  Mississippi  Limestone  Breccias  in 
Northwest  Putnam  County,  Indiana1 

C.  L.  Bieber,  DePauw  University 

Introduction 

An  unusual  exposure  of  brecciated  limestone  is  located  1.5  miles 
southwest  of  Fincastle  in  the  NWy4  sec.  36,  T.  16  N.,  R.  5  W.  in 
northwestern  Putnam  County  (Fig.  1).  In  a  branch  of  Peters  Creek, 
differential  erosion  has  exposed  resistant  brecciated  limestone  at  a 
small  waterfall.  The  ledge  of  limestone  at  the  falls  is  six  feet  thick. 
The  lower  part  of  the  ledge  is  a  rubble  breccia  which  changes  upward 
to  a  mosaic  and  then  to  a  crackle  breccia  (5).  At  least  one  exposure 
of  breccia  has  been  reported  near  this  area  (2). 

Limestone  breccias  are  not  well  known  in  the  Mississippian  lime- 
stones of  Putnam  county.  This  may  be  so  partly  because  of  limited 
exposures  or  because  of  the  transitional  nature  of  the  breccia  zones 
from  true  angular  blocks  within  a  matrix  to  a  "weathering  phase" 
where  fragments  are  nearly  in  their  original  position  in  the  stratum. 
Field  studies  of  the  writer  (1)  and  others  (6)  demonstrate  that  a 
number  of  breccias,  mostly  intraformational,  are  scattered  through 
the  middle  Mississippian  limestones. 

The  breccias  (and  conglomerates)  can  scarcely  be  recognized  in 
the  subsurface,  except  where  cores  are  available.  Where  brecciation 
can  be  recognized  on  the  outcrop,  the  stratigraphic  horizon  may  be 
difficult  to  place  because  of  the  similarity  both  lithologically  and  faun- 
ally  of  the  middle  Mississippian  limestones.  Only  from  careful  obser- 
vation can  small  limited  exposures  be  placed  in  the  stratigraphic  column. 

Peters  Creek  Breccia 

An  excellent  exposure  of  breccia  is  in  the  SW^L  NW1/!  sec.  36,  T.  16  N., 
R.  5  W.,  with  several  small  exposures  nearby.  The  thickness  of  the 
breccia  bed  is  nearly  six  feet  at  the  waterfall  in  a  small  branch  valley 
of  Peters  Creek.  Bedding  is  indistinct,  but  the  associated  limestones 
above  and  below  are  well  bedded  and  nearly  horizontal  except  for  local 
rolls  an  arches.  Over  90%  of  the  blocks  (phenoclasts)  in  the  matrix 
are  limestone.  Some  of  the  fragments  are  gray  calcarenites  and  lam- 
inated limestones  similar  to  rocks  in  the  layers  just  below  the  breccia 
Sparing  chert  fragments  are  localized  in  the  brecciated  rubble.  The  size 
of  the  limestone  blocks  vary  from  a  fraction  of  an  inch  to  about  six 
inches  across.  Shapes  are  mostly  angular,  but  semi-rounded  shapes 
are  not  uncommon.  The  matrix  is  fine  grained  crushed  limestone,  al- 
though some  brownish-white  calcite  is  scattered  between  the  blocks. 
At  least  one  stylolite  was  observed  to  cut  through  both  fragments  and 
matrix.  Megascopic  fossils  are  rare,  but  thin  sections  show  fragments 
of  microscopic  fossils. 

1  Made  possible,   in   part  by  a  grant   from   the   Indiana  Academy  of  Science. 
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Stratigraphy  and  Extent 

The  base  of  the  breccia  is  in  sharp  contact  with  a  thin  wavy  lam- 
inated layer  of  limestone  four  inches  thick,  similar  to  what  has  been 
called  crenulated  limestone  (3).  The  laminae  on  the  weathered  surface 
have  the  appearance  of  clay  varves.  Pieces  of  this  crenulated  limestone 
are  found  in  the  lower  part  of  the  breccia.  Below  the  laminated  layer 
is  a  thin  quartzose  layer  varying  from  zero  to  three  inches  thick,  in 
which  quartz  crystals  are  common.  Below  the  quartzose  layer  is  massive 
gray  limestone  (calcarenite)  interpreted  to  be  of  Salem  age.  Blocks 
of  the  calcarenite  are  also  included  in  the  breccia. 

A  few  feet  above  the  main  breccia,  a  bed  of  fine-grained  limestone 
(calcilutite)  one  to  two  feet  thick  shows  minor  brecciation.  Above 
the  calcilutite  beds,  variable  limestone  beds  with  shaly  partings  are 
representative  of  lower  St.  Louis  lithology.  Based  mainly  on  the  lith- 
ology  and  sequence,  the  age  of  the  breccia  is  believed  to  be  early  St. 
Louis. 

From  the  limited  outcrops  in  the  area  which  expose  lower  St.  Louis 
limestone,  it  is  postulated  that  the  conditions  which  produced  the  brec- 
ciation in  early  St.  Louis  time  extended  into  at  least  two  townships. 
The  exposures  upon  which  the  above  is  based  are  (1)  Peters  Creek  area 
southwest  of  Fincastle  in  the  NWy4  sec.  36,  T.  16  N,  R.  5  W.;  (2)  two 
miles  southwest  of  Waveland  in  an  abandoned  quarry  in  the  extreme 
southwestern  part  of  Montgomery  county,  SW1/!  sec.  34,  T.  17  N.,  R. 
6  W.;  (3)  Russelville  quarry,  SE1/!  sec.  8,  T.  16  N.,  R.  5  W.  and  sur- 
rounding territory  and  (4)  two  miles  northeast  of  Portland  Mills  along 
Byrd  Branch  at  the  ford  in  the  NE%   SWV±   sec.  31,  T.  16  N.,  R.  5  W. 
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It   is   not  here   suggested   that  the   breccia   is   continuous   over   the 
whole  area,  but  that  many  local  breccias,  pseudo-breccias,  rubbly  lime- 
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stones    and    laminated    layers    are    associated    with    calcilutites    in    the 
lower  St.  Louis  limestone  of  this  area. 

Probable  Origin 

Blocks  in  the  main  breccia  bed  are  at  varying  angles  in  the  matrix. 
The  disturbance  which  crushed  the  strata  probably  took  place  soon 
after  the  induration  of  the  limy  muds,  for  the  St.  Louis  sequence  then 
follows  upward  without  apparent  break.  Marine  waters  during  early 
St.  Louis  time  were  shallow,  as  indicated  by  cross  beds,  ripple  marks 
and  shaly  layers.  No  faults  have  been  observed  in  the  area.  Few  sink- 
holes and  caves  are  in  northwest  Putnam  county,  though  they  are 
common  in  the  southern  part.  Thus  faults  and  cavern  collapse  are 
probably  not  the  cause  of  the  brecciation. 

Two  explanations  for  the  origin  of  the  breccias  seem  to  fit  the  field 
data.  (1)  Submarine  slump  is  probable,  since  there  seems  to  be  a 
relationship  between  the  breccias  and  calcilutite-type  rock.  Submarine 
banks  of  calcarenite  materials  covered  by  basin  muds  could  slump 
basinward  to  pile  up  a  crushed  mass  of  partially  indurated  calcarenite 
and  calcilutites  (7).  General  lithology  of  the  lower  St.  Louis  rocks 
favor  this  theory.  (2)  Storms  over  shallow  marine  waters  cause  waves 
which  tear  up  sediments  on  the  bottoms.  Partially  compacted  lime-muds 
could  thus  be  broken  and  reworked  into  brecciated  structures. 

Because  of  the  widespread  locations  of  the  breccia  outcrops  at  or 
near  the  same  stratigraphic  horizon,  subaqueous  slides  are  here  favored 
over  storms  as  the  cause  for  the  brecciation. 
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Should  We  Convert  State  Forests  Into  State  Parks? 

Thomas  Frank  Barton,  Indiana  University 

Some  Vital  Questions 

Should  any,  all  or  none  of  Indiana's  state  forests  be  converted 
into  state  parks  ?  Should  the  primary  functions  of  our  state  forests 
continue  to  be:  1.  producing  lumber  and  wood  products  and  2.  providing 
public  hunting  grounds,  with  recreation  being  a  secondary  function? 
Would  it  be  possible  at  the  present  time  to  justify  converting  some  of 
the  small  state  forests  (less  than  5,000  acres  in  size)  into  state  parks? 
If  entire  forests  should  not  be  converted,  what  about  changing  parts 
of  them  as  Indiana  is  now  doing  ?  Will  the  demand  for  outdoor  recrea- 
tion become  so  great  during  the  next  25  years  that  pressure  groups  will 
attempt  to  change  some  of  our  forests  into  parks  in  function  if  not  in 
name  ?  From  the  standpoint  of  management,  do  trees  in  a  forest  receive 
different  treatment  from  trees  in  a  park? 

These  are  not  hypothetical  questions  which  may  become  important 
in  our  society  in  another  century.  Citizens  of  Indiana  should  be  dis- 
cussing these  problems  now  because  already  pressure  groups  are  de- 
manding that  more  emphasis  be  placed  on  recreation  in  our  forests. 
The  demand  for  park  facilities  will  increase  in  the  years  ahead  as  the 
population  of  our  state  grows  and  a  higher  and  higher  per  cent  of  our 
citizens  become  concentrated  in  cities  and  metropolitan  areas  (4).  The 
purpose  of  this  paper  is  not  to  answer  all  of  the  questions  raised,  but 
to  provide  some  of  the  information  which  should  be  considered  before 
conclusions  to  some  of  the  questions  are  reached. 

Differences  in  Management 

The  fundamental  difference  between  a  state-owned  and  operated 
forest  and  a  state-owned  and  operated  park  is  the  difference  placed  on 
the  use  of  trees,  land,  wildlife,  water,  unusual  scenery,  historic  points 
of  interest,  and  other  resources.  In  the  United  States  prior  to  the  Civil 
war,  and  in  many  states  prior  to  1900,  a  forest  meant  a  wooded  area 
in  which  trees  were  grown  for  the  production  of  lumber  and  wood 
products.  At  this  same  time,  parks  were  wooded  areas  found  generally 
in  cities  or  their  environs  and  their  primary  function  was  to  provide 
recreation. 

Managing  trees  to  provide  for  shade  and  beauty  and  recreation  is 
quite  different  from  growing  trees  for  lumber  and  wood  products.  In 
general  throughout  the  United  States  trees  are  planted  and  cut  in 
both  forests  and  parks,  and  the  person  supervising  this  work  must  know 
the  primary  function  of  the  wooded  area.  Trees  are  harvested  in  forests, 
but  in  parks  only  cut  if  absolutely  necessary  for  safety  and  other  reasons. 
Timber-stand  improvement  cutting  and  thinning  in  a  forest  is  drastically 
different  from  that  of  tree-cutting  in  a  park  to  improve  recreational 
facilities.     For    example,    in    a    forest    managed    for    lumber    production 

268 


Geology  and  Geography  269 

wolf  trees  are  undesirable.  These  trees  have  too  many  lower  branches 
and  only  a  short  trunk  free  from  knots.  But  a  "wolf"  tree  in  a  park 
may  be  ideal  for  shade  and  to  provide  beauty  for  all  to  enjoy.  "Twin 
trunk"  and  ornamental  trees  should  not  occupy  space  in  a  forest. 

A  good  timber  stand  improvement  cutting  may  decrease  the  recrea- 
tional value  of  the  land.  In  such  cutting,  hollow  trees  are  removed 
and  species  with  small  potential  commercial  value  are  cut  even  if  they 
provide  fruit  and  nuts  for  wildlife.  The  object  in  a  timber-stand  improve- 
ment cutting  is  to  provide  more  space,  water,  sunshine  and  soil  so  that 
commercial  trees  may  make  a  rapid  growth.  In  a  park  hollow  trees,  nut, 
fruit  and  flowering  trees,  and  those  which  provide  excellent  shade  and 
beauty  are  highly  desirable  regardless  of  their  commercial  value. 

There  is  also  a  drastic  difference  in  the  planting  programs  followed 
in  parks  and  forests.  Some  trees  and  shrubs  that  rank  high  in  a  priority 
list  for  park  plantings  would  not  be  put  in  a  forest.  This  is  particularly 
true  of  colorful  flowering  and  fruiting  trees  and  those  with  ornamental 
leaves.  Weeping  willow,  Lombard  poplar,  sassafras,  linden,  and  haw- 
thorn trees  are  examples.  These  are  not  planted  in  Indiana  forests 
because   they  are  not   considered   good  for  lumber   and  wood   products. 

Multiple  Use 

The  multiple  use  of  resources  is  now  widely  emphasized  and  accepted. 
Unfortunately,  many  people  who  have  grasped  the  idea  of  using  a 
resource  in  several  ways,  have  not  realized  that  conflicts  between  two 
or  more  uses  can  and  do  develop. 

True,  recreation  is  germane  to  every  forest  and  a  little  lumber 
and  wood  products  may  be  obtained  even  from  trees  in  parks.  However, 
if  a  conflict  in  the  use  of  a  tree  develops,  the  decision  on  whether  to 
cut  it  or  let  it  grow  should  be  decided  in  part  on  the  paramount  use 
of  the  forested  area,  namely,  is  the  tree  in  a  forest,  a  recreational 
area  developed  in  a  forest,  or  in  a  park  ?  The  primary  use  should 
receive  top  priority. 

When  recreational  areas  are  provided  in  forests,  there  often  follows 
a  demand  for  additional  facilities  and  space.  People  are  generally  not 
satisfied  with  a  few  small  picnic  areas.  Soon  there  is  a  demand  for 
shelter  houses  where  food  can  be  cooked  "regardless  of  the  weather" 
and  for  water  and  toilet  facilities.  Then,  comes  a  demand  for  camping 
facilities,  larger  parking  areas,  and  more  and  larger  outdoor  shelter 
houses.  Next,  may  come  demands  for  play  areas,  over-night  cabins, 
lakes  and  wider  roads.  This  is  as  it  should  be.  The  forests  are  large 
enough  to  make  these  things  possible.  All  of  these  land-uses  may  be 
ideal  in  either  a  park  or  a  forest  recreational  area.  In  reality  part  of  the 
forest  may  easily  become  a  park  area.  When  this  occurs  recreation  has 
replaced  the  growth  of  trees  as  the  primary  function  of  the  land. 

Shouldn't  our  state  forests  be  very  carefully  mapped  as  to  their 
potential  use?  If  parts  have  greater  potentialities  as  recreational  areas 
and  there  is  a  need  for  these  facilities,  why  not  develop  them?  Con- 
servation is  now  defined  as  a  wise  use  of  a  natural  resource.  If  these 
areas  can  be  best  administered  by  our  state  foresters  as  recreational 
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areas  in  the  forest,  well  and  good.  The  foresters  say  they  can.  If  they 
can  not,  should  not  these  potential  recreational  areas  be  transferred  to 
the  Division  of  State  Parks  without  delay?  Yet  hasty  and  emotional 
action  should  not  be  taken.  We  should  not  forget  that  these  areas  in  our 
forests  would  have  only  limited  value  if  separated  from  the  state  forest 
with  people  not  having  access  to  both.  Have  we  made  the  necessary 
surveys  and  uncovered  the  necessary  data  on  which  to  make  wise 
decisions? 

Richard  Lieber  State  Park 

In  1956,  five  hundred  and  fifty-one  acres  formerly  in  the  Owen- 
Cagles  Mill  State  Forest  were  transferred  to  the  Division  of  State 
Parks.  This  area  is  now  the  Richard  Lieber  State  Park.  It  is  located 
adjacent  to  and  northeast  of  the  Cagles  Mill  Flood  Control  Reservoir 
in  Putnam  and  Owen  counties.  Part  of  the  Owen-Putnam  State  Forest 
is  adjacent  to  and  south  of  the  park.  In  fact,  to  gain  access  to  the  park 
by  car,  one  passes  through  park  land  on  one  side  of  the  road  and 
forest  land  on  the  other.  The  major  recreational  value  of  this  park 
depends  upon  the  use  of  the  Cagles  Mill  Flood  Control  Reservoir. 

This  transfer  of  land  (apparently  by  executive  order)  brings  up 
the  point  "Will  and  should  other  areas  in  our  state  forests  be  con- 
verted into  parks?"  There  is  also  the  question  of,  "On  what  data 
was  the  decision  to  make  the  transfer  based?" 

The  Need  for  State  Parks 

Indiana  is  known  throughout  our  country  as  having  an  excellent 
park  system.  However,  some  people  believe  that  the  growth  of  state 
parks  has  not  kept  pace  with  the  growth  of  our  population  or  the  de- 
mands for  outdoor  recreation.  Do  we  have  a  5,  10,  or  25  year  state 
program  of  park  expansion  ?  If  so,  what  is  the  relationship  between 
this  recreational  program  and  the  program  of  recreational  expansion 
in  our  state  forests?  Representatives  of  the  Indiana  Department  of 
Conservation  say  "the  relationship  is  a  normal  one  and  both  programs 
will  be  developed   in  a  coordinated  and  harmonious  manner."   (2). 

Indiana  State  Forests 

Indiana's  state  forests  are  small.  Thirteen  contain  114,348  acres 
as  of  July  1,  1958,  or  an  average  of  only  8,796  acres.  We  notice  in  Table  1 
that  our  largest  forest  is  less  than  22,000  acres  in  size;  only  four  of 
these  13  forests  are  over  18,000  acres  in  size;  eight  forests  are  smaller 
than  7,000  acres;  and  the  smallest  contains  only  352  acres. 

From  the  standpoint  of  conservation,  which  is  wise  use,  the 
question  has  been  raised,  "Is  there  a  minimum  size  of  a  state  forest 
below  which  the  cost  of  administration  is  too  large  for  profitable 
management?"  Some  people  are  confused  and  believe  that  our  smaller 
state  forests,  those  below  5,000  acres  in  size,  are  in  reality,  if  not  in 
name,  state  parks.  Apparently  some  people  believe  that  the  primary  use 
of  these  smaller  areas  is  or  should  be  recreation.  But,  as  forests,  timber 
is  harvested  and  the  public  is  permitted  to  hunt  in  them.  If  these  forests 
were  converted  into  parks,  tree  harvests  and  hunting  would  stop. 
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TABLE  1.     Size  and  Creation   of  Indiana   State   Forests    (3) 


Acreage 

Date 

Name  of  State  Forests 

July  1,  1958 

Established 

Yellowwood 

21,563 

1934 

Morgan-Monroe 

21,436 

1930 

Harrison 

19,798 

1931 

Clark 

19,086 

1903 

Jackson- Washington 

9,005 

1931 

Ferdinand 

6,575 

1934 

Owen-Putnam 

3,779 

1951 

Greene-Sullivan 

3,757 

1937 

Martin 

3,579 

1932 

Pike 

2,827 

1937 

Frances  Slocum 

1,087 

1934 

Salamonie  River 

805 

1934 

Selmier 

352 

1944 

114,348 

Eleven  of  our  state  forests  are  located  in  southern  Indiana  in  the 
most  wooded  section  of  the  state.  (4)  Only  the  Frances  Slocum  and  the 
Salomonie  River  forests  are  in  the  northern  part  and  they  contain  only 
1,893  acres,  or  less  than  two  per  cent  of  Indiana's  state-owned  forests. 
Consequently  our  state  forests  are  strategically  located  between  the 
more  heavily  populated  and  industrial  areas  in  northern  Indiana  and  the 
Lower  Great  Lakes  region  to  the  north  and  the  rapidly  expanding 
industrial  area  of  the  Ohio  River  valley  to  the  south.  Now  is  an 
opportune  time  to  realize  that  our  state  forests  may  be  managed  for 
the  dual  purpose  of  producing  lumber  and  wood  products  and  of  pro- 
viding recreational  facilities.  This  would  help  promote  the  tourist  in- 
dustry in  southern  Indiana. 

Lag  in  Recreational  Development 

The  Division  of  Forestry  is  quite  cognizant  of  the  need  for  develop- 
ing additional  outdoor  recreational  facilities.  But  apparently  the  biggest 
bottleneck  to  a  more  rapid  expansion  of  forest  recreational  areas  is  the 
lack  of  funds.   The  following  paragraph  epitomizes  the  present  situation: 

"The  state  funds  available  for  the  forests  have  been  used  primarily 
to  acquire  the  land,  plant  the  idle  acres,  protect  the  properties  from 
fire  and  improper  use,  and  spend  very  little  for  roads,  recreation  and 
administrative  facilities.  The  roads,  trails,  structures  and  recreation 
facilities  now  existing  were  established  almost  entirely  by  the  Civilian 
Conservation  Corps  and  WPA  programs,  and  very  little  has  been  added 
since  those  days  in  the  way  of  state  expense.  As  of  the  present  and 
the  future  this  is  not  enough."  (5) 


Summary 

1.    The  Division  of  Forestry  is  cognizant  of  the  recreational  poten- 
tialities in  our  state  forests  and  the  needs  for  outdoor  recreation,  but 
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adequate    funds    for    expanding    recreational    facilities    have    not    been 
available. 

2.  Most  of  the  recreational  facilities  in  our  state  forests  were  de- 
veloped during  the  1930's. 

3.  "The  state  forests  are  being  planned  for  the  simpler  less  intensive 
types  of  recreational  use  and  as  such  supplement  the  intensive  program 
of  state  parks."  (5) 

4.  We  should  reassess  our  outdoor  recreational  needs  and  facilities 
and  draw  up  long-ranged  plans  which  will  correlate  the  activities  of  all 
state  agencies.  This  correlation  should  include  due  recognition  for  forest, 
fish,  wildlife,  recreational  and  other  present  and  potential  resources. 
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Increasing  Crops  and  the  Standard  of  Living — 
A  West  Indian  Example1 

Otis  P.  Starkey,  Indiana  University 

The  increasing  geographical  division  of  labor  together  with  tech- 
nological advances  have  greatly  increased  the  efficiency  of  staple  com- 
modity production  within  the  last  century.  For  many  consumers  this 
has  resulted  in  greatly  increased  purchasing  power  and  higher  standards 
of  living.  But  in  some  areas  the  producers  have  received  only  modest 
returns  for  their  productive  advances;  their  miracles  of  increased  pro- 
duction have  blessed  consumers  in  distant  lands. 

Barbados,  the  easternmost  island  of  The  West  Indies,  exemplifies  the 
slow  increases  in  per  capita  consumption  so  characteristic  of  the  islands 
in  the  new  federation.  About  235,000  people  inhabit  its  166  square 
miles — about  1,400  per  square  mile.  For  over  three  centuries  Barbadian 
planters  have  been  noted  as  sugar  producers — rightfully  as  their  crop 
has  yielded  nine-tenths  or  more  of  the  island's  domestic  exports.  Nor 
have  these  planters  failed  to  take  advantage  of  new  methods  so  far 
as  their  capital  and  available  markets  permitted.  Since  Emancipation 
(1834)  the  Barbadian  sugar  output  has  increased  from  an  average  of 
about  20,000  tons  to  a  record-breaking  204,000  tons  in  1957.  The 
quality  has  also  improved — the  dark  crystals  exported  today  are  much 
sweeter  than  the  muscovado  exports  of  the  nineteenth  century.  The 
planters  obtained  this  increase  in  part  by  adopting  techniques  developed 
elsewhere :  better  cultivation  and  more  complete  extraction  from  the  cane 
by  use  of  steam  power,  more  rollers,  and  vacuum  pans.  But  also  in 
cooperation  with  a  competent  Department  of  Science  and  Agriculture, 
they  have  contributed  much  to  sugar  cane  techniques  in  fertilization, 
pest  control,  and  especially  in  breeding  new  cane  varieties,  a  pioneer 
accomplishment  in  Barbados. 

What  have  Barbadians  received  in  return  for  this  tenfold  increase 
in  production?  Many  planters  have  gone  into  bankruptcy  and  others 
have  been  close  to  it.  Many  estates  have  been  subdivided  into  urban 
housespots  and  small  peasant  holdings.  For  the  great  majority  living 
standards  have  not  increased  as  they  have,  for  example,  in  England; 
unemployment  or  underemployment  have  more  commonly  been  their  lot. 
Surplus  labor  has  sought  markets  for  its  services  in  the  Canal  Zone, 
the  United  States,  and,  most  recently,  England.  But  the  enlarged  product 
of  the  planter  and  the  considerable  remittances  from  labor  overseas 
have  not  brought  abundance  to  most  Barbadians. 

Why?  The  prices  of  consumers  goods — largely  imported  into 
Barbados — have  increased  with  the  declining  value  of  the  currency. 
Sugar  is  an  exception:  the  world  price  of  sugar  today  is  about  the 
same  as  in  the  1840s.    A  century  ago  in  Barbados  sugar  retailed  at  12 


1  This  paper  was  prepared  under  an  Indiana  University  contract  with  the 
Office  of  Naval  Research. 
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cents  a  pound,  today  at  11  cents.  Over  the  same  period  butter  has 
increased  from  24  to  98  cents  a  pound;  wheat  flour  from  3  to  11  cents; 
saltfish  from  6  to  34  cents;  beef  from  15  to  55  cents. 

Although  wages  have  increased  considerably  from  the  16  to  24 
cents  per  day  for  male  agricultural  labor  which  prevailed  from  1840 
to  1940  (except  for  a  few  years  during  and  after  World  War  I),  even 
in  recent  years  earnings  have  not  been  high  in  relation  to  the  cost  of 
living.  Including  about  1,500  whose  income  tax  returns  indicated  that 
they  received  more  than  U.  S.  $1,500,  the  annual  per  capita  personal 
income  of  Barbadians  averages  only  about  $180. 2 

Typical  Barbadian  budgets  have  been  collected  and  analyzed  by 
Straw  (1,  2).  His  survey  showed  that  the  average  weekly  income  per 
household  in  1951-52  was  $9.34  in  the  out-of-crop  season.  During 
the  crop  season,  the  average  rose  to  $12.00  but  even  then  two-thirds  of 
the  households  had  incomes  below  $8.40. 

Using  budgets  from  1,336  households  with  weekly  incomes  below 
$30,  Straw  (2)  estimated  that  51  percent  of  the  budget  was  spent  on 
food,  14  percent  on  clothing,  13  percent  on  housing,  fuel  and  light,  4 
percent  on  durable  goods,  and  18  percent  on  miscellaneous  including 
tobacco,  alcohol,  recreation,  medical  expenses  and  transportation. 

On  such  a  budget  the  typical  Barbadian  lives  in  an  incredibly  small 
house  neatly  built  from  imported  pine  or  fir.  His  clothing  is  commonly 
of  cheap  cotton  cloth,  neatly  designed  and  usually  supplemented  by  a 
much  better  Sunday  outfit.  Like  his  house,  his  household  furnishings 
are  often  plain  but  neatly  maintained.  His  diet  is  simple  and  often 
monotonous:  one-fourth  of  his  food  budget  is  spent  on  meat  and  fish, 
three-eighths  on  cereals,  starchy  vegetables  and  sweets,  and  about  one- 
fifth  on  dairy  products  and  cooking  oils.  Straw  estimated  (2)  that 
this  diet  was  almost  adequate  in  calories  but  deficient  in  animal  pro- 
teins, calcium,  and  vitamins  A,  B,  and  C. 

In  The  West  Indies,  the  Barbadian  is  considered  a  hard  worker. 
His  modest  standard  of  living  arises  from  lack  of  opportunity  rather 
than  lack  of  ambition.  Nor  is  he  lacking  in  thrift:  in  1955,  43,817 
Barbadians  had  savings  bank  accounts  and  101,830  saved  through 
friendly  societies.  The  recognized  practice  is  to  save  during  periods 
of  high  earnings  and  to  spend  savings  and  friendly  society  bonuses  dur- 
ing periods  of  unemployment. 

The  changes  in  the  Barbadian  standard  of  living  since  1843  (3) 
can  be  partially  determined  by  examining  the  net  imports.  This  is 
possible  because  Barbados  imports  three-quarters  or  more  of  its  food, 
and  almost  all  of  its  lumber,  durable  goods,  textiles  and  clothing,  and 
other  consumers  goods.  The  imports  of  such  staples  as  wheat  flour, 
cornmeal,  rice,  butter,  salt  meat,  salt  fish,  and  lumber  can  be  easily 
compared ;  similar  studies  for  textiles,  clothing,  durable  goods  and 
machinery  are  very  difficult  or  impossible  because  of  changes  in  fashions, 
price  levels,  and  in  the  items  included  in  the  totals  of  values. 


2  All  dollar  figures  in  U.  S.  dollars  converted  at  the  rate  of  B.W.I.  $1.00 
equals  U.  S.  $.60, 
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Elsewhere  the  author  (4)  has  analyzed  the  annual  fluctuations  in 
major  imports  from  1865  to  1935.  Here  attention  is  called  to  broad 
trends  in  sugar  production  and  related  trends  in  consumption.  From 
1844  to  1884  the  increasing  efficiency  of  the  sugar  producers  enabled 
the  island  to  maintain  its  purchasing  power.  The  following  decade  was 
was  unstable  with  increasing  signs  of  distress  and  consumption  fluctu- 
ated accordingly.  By  1895  most  of  the  plantations  were  in  bad  shape, 
other  sources  of  income  were  sought  such  as  cotton  and  vegetables,  and 
labor  migrated  on  an  increasing  scale.  World  War  I  and  the  failure 
of  alternate  sources  of  income  brought  a  return  to  sugar.  After  one  of 
the  poorest  sugar  years  on  record  (1921),  years  of  moderate  prosperity 
were  intermixed  with  poor  years  and  living  standards  declined.  World 
War  II  returned  prosperity  to  the  sugar  industry,  shipping  difficulties 
forced  the  island  to  grow  more  of  its  own  food,  and  after  the  war 
living  standards  started  upwards.  The  post-war  period  was  one  of 
unusual  stability,  partly  because  sugar  prices  were  maintained  by  the 
Commonwealth  Sugar  Agreement;  modernization  both  in  town,  in  the 
sugar  factory,  and  in  the  fields  was  evident. 

How  much  has  the  per  capita  consumption  of  the  basic  staples 
increased  in  the  last  century?  Take  housing:  disregarding  some  gov- 
ernment model  home  developments,  the  typical  Barbadian  laborer's 
house  is  essentially  the  same  as  it  was  a  century  ago.  Annual  lumber 
imports  have  remained  remarkably  steady  at  40-50  feet  per  capita 
except  in  depression  years  such  as  1885-86,  1895  and  1921  when  imports 
are  halved.  The  general  trend  of  lumber  imports  reflects  changes  in 
population. 

Cereal  consumption  is  equally  stable:  the  per  capita  consumption 
averages  slightly  over  200  lbs.  as  it  did  a  century  ago.  The  severity 
of  the  1921  crisis  is  shown  by  the  drop  of  cereal  imports  to  135  lbs. 
per  capita.  The  distress  of  the  people  that  year  is  shown  by  an  infantile 
death  rate  of  over  400  per  1,000  live  births.  But  in  most  years,  cereal 
consumption  is  maintained  for  cereals  are  the  cheapest  food. 

Preserved  meat  and  fish  are  more  in  the  luxury  class  and  year  to 
year  changes  in  the  imports  reflect  the  prosperity  of  the  island. 
Straw's  weekly  average  budget  would  permit  the  purchase  of  about 
one-half  pound  of  preserved  meat  or  fish  per  capita.  Per  capita  imports 
were  about  twice  this  figure  in  1845,  about  this  figure  in  the  1890s  and 
1900s,  two-thirds  this  figure  in  1921,  and  50  percent  above  this  figure  in 
1955.  The  high  imports  of  salt  meat  and  salt  fish  in  the  1840s  probably 
reflect  the  undeveloped  state  of  the  fishing  industry  then  and  the  almost 
negligible  import  of  live  animals  for  slaughter.  In  the  last  decade 
powered  fishing  vessels,  and  frozen  meat  imports  have  greatly  increased 
the  amount  of  protein  available  but  animal  protein  consumption  is  still 
low  among  the  poorer  class. 

The  Barbadian  diet  is  less  monotonous  than  a  century  ago;  flavor 
imports  have  increased,  for  example,  tea  imports  per  capita  in  1955 
were  10  times  those  in  1845.  Milk  imports  were  unknown  in  1845;  today 
dried,  evaporated,  and  condensed  milk  are  staples  in  every  grocery 
store.  A  further  increase  in  the  local  milk  supply  resulted  from  the 
substitution   of   dairy  cattle  for  draft  animals  with   the  mechanization 
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of  agriculture.  Per  capita  butter  imports  have  remained  at  about  3  lbs. 
since  1845  but  the  consumption  of  fats  has  considerably  increased  as 
margarine  and  cooking  oils  have  been  added  to  the  diet. 

Although  increased  per  capita  consumption  of  most  staples  has 
been  modest,  there  is  other  evidence  that  living  standards  have  im- 
proved. Death  rates  have  been  halved  since  the  1920s,  largely  because 
of  the  decrease  in  infantile  mortality  from  200-400  in  the  20s  to  100-145 
in  the  1950s.  The  poorer  part  of  the  populace  have  also  been  greatly 
benefited  by  free  pure  water,  public  baths  and  latrines,  free  clinics,  free 
school  lunches,  free  movies  in  the  rural  districts,  and  government  hous- 
ing projects.  In  the  last  decade  wages  have  generally  risen  as  fast 
or  faster  than  prices  and  bonus  payments  in  the  sugar  industry  have 
given  the  workers  a  share  in  the  profits  from  increased  crops. 

With  all  its  tenfold  increase  in  sugar  production,  only  in  recent 
years  has  Barbados  been  able  to  feed  the  bulk  of  its  people  adequately. 
The  amounts  available  in  most  Barbadian  budgets  for  little  luxuries 
remain  pathetically  small.  Meanwhile  the  population  increases  while 
further  mechanization  in  tillage,  manufacture  and  shipping  decreases 
employment  in  the  sugar  industry.  In  spite  of  a  net  migration  of  10,300, 
the  average  annual  rate  of  population  increase  from  1952  to  1957  was 
1.2  percent.  Government  population  estimates  for  1970  are,  according 
to  the  assumptions  adopted,  280,  288  or  322  thousand.  Nor  is  local 
production  of  most  foodstuffs  feasible.  Engledow  (5)  estimates  that 
48,000  acres  of  land  would  be  needed  to  raise  the  food  equivalent  of 
the  cereal,  bean  and  pea  imports — this  is  more  land  than  is  now  har- 
vested each  year  in  sugar  cane.  Even  the  complete  taking  over  of  all 
rural  land  on  the  island  for  food  would  probably  not  suffice  to  feed 
the  1970  population  and  such  action  would  destroy  the  major  source  of 
Barbadian  income,  sugar. 

The  example  of  Barbados  shows  that  increasing  physical  produc- 
tivity alone  will  not  solve  the  economic  problems  of  many  specialized 
areas  producing  staple  commodities  for  export.  These  areas  ship  their 
produce  to  distant  markets;  they  can  neither  control  the  price  of  the 
goods  they  sell  nor  of  those  they  buy.  Many  of  these  areas  are  becoming 
politically  independent;  their  peoples  are  growing  increasingly  aware 
of  the  higher  living  standards  enjoyed  elsewhere.  Such  areas  may  well 
become  sick  spots  in  the  international  economy. 
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The  Quantification  of  Landform  Characteristics — 
a  Roughness  Index 

John  C.  Hook,  Indiana  State  Teachers  College 

In  much  of  the  geographic  literature  the  surface  configuration  of 
an  area  is  described  in  broad,  qualitative  terms  like  "smooth, "  "gently- 
rolling,"  or  "rough."  It  is  very  difficult,  if  not  impossible,  to  use  these 
qualitative  terms  in  quantitative  research. 

Attempts  to  quantify  landform  characteristics  are  not  new  in  geog- 
raphy. Even  von  Humboldt,  almost  always  considered  as  one  of  the 
fathers  of  modern  geography,  recognized  the  need  for  some  system  that 
would  enable  different  areas  of  the  world  to  be  compared.  The  various 
measures  and  the  type  of  characteristics  measured  have  become  very 
numerous.  Investigators  have  been  concerned,  among  other  things,  with 
average  elevation,  average  slope,  volume  of  mountains,  density  of  rivers, 
and  relative  relief.  A  description  and  critical  analysis  of  many  of  these 
measures,  especially  the  European  contributions,  has  been  presented  by 
Neunschwander  (5).  Most  of  these  measures  are  meant  to  apply  to 
areas  of  a  few  square  miles  of  the  earth's  surface. 

Many  geographic  problems,  on  the  other  hand,  require  working  with 
larger  area  units.  In  the  United  States  these  larger  units  are  usually 
counties,  primarily  because  of  the  great  quantity  of  census  data  that 
is  available  on  a  county  basis.  Some  investigations  are  concerned  with 
relationships  between  the  social  and  economic  data  presented  in  the 
census  and  some  factor  in  the  physical  environment.  For  studies  of  this 
type  a  quantified  measure  of  suface  configuration  is  sometimes  desirable. 

To  have  maximum  utility,  such  a  measure  should  be  easy  to  compute, 
should  be  capable  of  duplication  by  other  investigators,  and  should 
present  a  picture  that  is  in  general  agreement  with  other  observations 
concerning  the  surface  configuration  of  an  area.  At  the  same  time,  it 
should  distinguish  between  some  of  the  minor  variations  in  the  surface 
configuration. 

Probably  the  measure  that  is  the  easiest  to  compute  is  the  relative 
relief  of  a  county.  This  is  merely  the  difference  in  elevation  between 
the  highest  and  lowest  points  in  the  county.  This  measure  fulfills  our 
criterion  of  ease  of  computation,  and  certainly  we  would  be  insured  of 
the  duplication  of  results  by  two  or  more  investigators.  The  relative 
relief  is  also  significant  in  that  it  will  be  greater  in  mountainous  counties 
than  in  level  counties,  but  in  spite  of  these  advantages  it  is  sort  of  a 
crude  measure. 

Other  investigators  have  devised  more  refined  measures  based  on 
the  average  slope  of  an  area.  These  start  with  the  work  of  Finsterwalder 
in  1890,  proceed  through  that  of  J.  L.  Rich  in  1916  and  culminate  with 
the  methods  of  Wentworth,  Horton  and  Hamilton  in  the  1930's.  (2,  4,  6). 

All  three  of  the  latter  utilize  a  grid  system  superimposed  on  a 
contour    map    and    the    counting    of    the    intersections    of    the    contours 

277 


278 


Indiana  Academy  of  Science 


and  the  grid  system.  Wentworth  and  Horton  designed  their  systems 
for  small  areas,  but  Hamilton  used  his  "Topographic  Index"  on  a  county 
basis.  His  base  maps  had  a  contour  interval  of  500  feet,  however,  and 
this  is  a  rather  large  interval  for  many  sections  of  the  United  States. 
Also,  none  of  these  investigators  were  very  definite  on  the  size  of  the 
grid  system  to  be  used. 

The  Roughness  Index,  developed  in  this  paper,  is  an  extension  of 
the  work  of  these  previous  investigations.  It  is  a  measure  designed 
to  be  used  on  a  county  basis  in  studies  utilizing  census  data  on  other 
variables.  It  is  based  on  the  following  assumptions:  (1)  Maps  of  a 
scale  of  1:250,000  and  contour  interval  of  100  feet  are  the  most  conveni- 
ent to  use  for  county  studies.  Maps  of  a  scale  larger  than  this  are  cum- 
bersome; maps  of  a  scale  smaller  obscure  some  important  details  of  the 
landscape.  The  major  difficulty  is  that  the  entire  United  States  is  not 
covered  at  this  scale  as  yet,  but  for  that  matter  we  do  not  have  complete 
coverage  at  any  scale  of  larger  than  1:1,000,000.  (2)  The  roughness  of 
a  county  can  be  defined  in  terms  of  the  density  of  contours.  This  means 
that  County  A  in  Figure  1  is,  by  definition,  rougher  than  County  B; 
and  County  B  is  rougher  than  County  C.  The  difficulty  here  is  illustrated 
in  the  lower  portion  of  Figure  1;  that  is,  County  C  might  actually  be 
rougher  than  County  B,  but  because  of  the  contour  interval,  this  rough- 
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Fig.l 

ness  is  not  shown  on  the  base  map.   It  is  extremely  unlikely  that  such  a 
situation  would  be  encountered  in  the  real  world,  however. 

The  density  of  contour  lines  was  found  in  the  following  manner.  A 
grid  of  north-south  and  east-west  lines  was  superimposed  on  a  county. 
The  intersections  of  the  grid  lines  with  the  contour  lines  were  counted. 
(A  contour  line  tangent  to  a  grid  line  was  counted  as  one  crossing). 
The  grid  was  then  rotated  45  degrees  to  a  northwest-southeast,  north- 
east-southwest orientation,  and  the  intersections  were  counted  again.  The 
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total  number  of  cossings  was  then  divided  by  4.  This  gave  the  average 
number  of  crossings  in  any  one  direction.  This  number  was  then  divided 
by  the  land  area  of  the  county  in  square  miles,  and  the  quotient  was 
then  multiplied  by  10  to  move  the  decimal  place.  The  resulting  number 
is    called    the    "Roughness    Index."     The    formula    may   be    written    as: 

(N  x  M)/4 

RI  =  x  10  where  N  is  the  total  number  of  intersections 

A 
(in  all  four  directions) 

M  is  the  distance  in  miles  between  the  grid  lines. 

A  is  the  land  area  of  the  county  in  square  miles. 

It  has  been  pointed  out  that  measures  of  landform  characteristics 
should  be  capable  of  being  duplicated  by  other  investigators.  One  method 
of  insuring  duplication  of  the  roughness  index  would  be  to  compute  it 
a  great  number  of  times  for  each  county  and  then  take  the  arithmetic 
mean  of  these  computations  as  the  "true"  value.  On  the  other  hand, 
if  all  of  the  indices  were  grouped  closely  around  the  mean  value,  such 
a  procedure  would  not  be  necessary. 

Another  question  arises  at  this  point.  That  is,  what  size  grid  should 
be  used?  The  smaller  the  grid,  the  smaller  should  be  the  variations 
around  the  mean  index  number.  The  larger  the  grid,  however,  the  less 
work  entailed  in  obtaining  the  index  number  for  a  county. 

To  answer  these  questions  some  simple  statistical  techniques  can 
be  used.  Even  though  the  grid  is  placed  over  a  county  in  a  specific 
direction,  there  is  still  an  infinite  number  of  possible  placings.  The  first 
grid  line  may  be  placed  exactly  on  the  border  of  a  county,  or  0.1  mile 
from  the  border,  or  0.15  mile,  etc.  The  statistical  universe  for  each 
county  is,  therefore,  infinite.  The  problem  is  to  compare  the  mean  and 
standard  deviation  of  the  roughness  index  of  this  infinite  universe  with 
the  mean  and  standard  deviation  computed  from  a  sample  from  the 
universe. 

Three  counties  in  Ohio  were  chosen  for  the  analysis.  The  particular 
counties  varied  from  relatively  smooth  (Fayette,  RI  =  4.1)  to  relatively 
rough  (Vinton,  RI  =  34.1).  Two,  four,  six,  eight,  and  ten  mile  grids 
were  used.  The  roughness  index  was  computed  five  times  for  each 
grid  size  in  each  county.  Because  of  this,  the  so-called  "small  sample 
theory"  was  used  in  this  analysis. 

The  results  of  these  computations  are  shown  in  Table  1.  As  the 
grid  size  increases,  the  standard  deviation  of  the  universe  also  increases. 
The  standard  deviation  of  the  universe  also  increases  as  the  roughness 
increases.  However,  if  the  grid  size  is  kept  small,  the  first  roughness 
index  computed  is  close  to  the  mean  of  several  computations;  and  the 
standard  deviation  of  the  universe  is  low.  Therefore,  the  process  of 
taking  the  mean  of  several  roughness  indices  is  unnecessary  because  the 
first  one  will  be  near  the  mean  anyway.  Also,  a  low  standard  deviation 
in  the  universe  indicates  that  another  investigation  will  arrive  at  a 
roughness  index  of  comparable  magnitude.  As  an  example,  with  a  two- 
mile  grid,  the  roughness  indices  of  Vinton  County  would  have  a  standard 
deviation  of  0.8  roughness  index  points.  Now,  in  a  normal  distribution, 
95  per  cent  of  all  cases  will  fall  within  2  standard  deviations  above  or 
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TABLE  1 

Comparison  of  the  Standard  Deviation  of  the  Roughness  Index  of  the 

Infinite  Universe  with  the  Standard  Deviation  of  the 

Roughness  Index  of  a  sample  of  5. 


Mean  RI 

Universe 

Size  of 

of 

a- of 

o-of 

County 

Grid 

1st  RI 

Sample 

Sample 

(<r  adj.) 

2x0-  adj 

Fayette 

2  mi. 

4.1 

4.0 

0.1 

0.2 

0.4 

Fairfield 

2  mi. 

13.9 

13.6 

0.2 

0.1 

0.8 

Vinton 

2  mi. 

34.1 

33.9 

0.1 

0.8 

1.6 

Fayette 

4  mi. 

3.8 

4.0 

0.3 

0.6 

1.2 

Fairfield 

4  mi. 

14.3 

13.9 

0.3 

0.6 

1.2 

Vinton 

4  mi. 

34.1 

33.8 

0.6 

1.2 

2.1 

Fayette 

6  mi. 

4.5 

4.4 

0.3 

0.6 

1.2 

Fairfield 

6  mi. 

13.7 

13.2 

0.1 

o.x 

1.6 

Vinton 

6  mi. 

33.6 

34.6 

1.0 

2.0 

4.0 

Fayette 

8  mi. 

4.4 

4.6 

o.i; 

1.2 

2.4 

Fairfield 

8  mi. 

14.0 

13.4 

1.3 

2.6 

5.2 

Vinton 

8  mi. 

34.5 

35.4 

1.1 

2.2 

4.4 

Fayette 

10  mi. 

5.4 

4.2 

0.9 

1.8 

3.6 

Fairfield 

10  mi. 

13.8 

14.7 

1.2 

2.4 

4.8 

Vinton 

10  mi. 

38.6 

37.8 

2.:; 

4.5 

9.0 

below  the  mean;  for  Vinton  County  95  per  cent  of  the  roughness  indices 
will  fall  within  1.6  index  points  of  the  mean.  As  the  grid  size  is  increased, 
this  range  increases.  For  this  reason  it  was  decided  to  use  a  grid  size  of 
two  miles. 

The  roughness  index  of  the  northeastern  United  States  is  shown  in 
Figure  2.    The  White  Mountains,  Adirondacks  and  parts  of  the  Appa- 
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lachians  have  a  roughness  over  40.  The  roughest  area  is  in  West  Virginia 
in  the  Appalachian  Plateau  and  adjacent  Appalachian  Mountains.  Figure 
3  is  a  map  of  the  relative  relief.  In  general  pattern  the  maps  are  similar 
(the  coefficient  of  correlation  (r)  between  these  two  variables  is  +.62), 
but  they  differ  in  detail.    The  area  of  maximum  relative  relief  does  not 
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Fig.  3 

coincide  with  the  area  of  maximum  roughness.  This  does  not  necessarily 
indicate  a  weakness  in  the  roughness  index;  these  are  two  different 
landform  characteristics.  As  an  example,  Grafton,  New  Hampshire 
(RI  49.1,  RR  4900  feet)  can  be  compared  with  Tyler,  West  Virginia 
(RI  50.3,  RR  700  feet).  The  roughness  indices  of  these  two  counties 
are  very  similar,  but  the  relative  relief  in  Grafton  County  indicates  the 
presence  of  mountains.  Grafton  is  in  the  White  Mountain  region;  Tyler 
is  in  the  maturely  dissected  Appalachian  Plateau. 

Figure  4  shows  Hammond's  classification  of  landforms  for  this  area 
(3).  Again,  in  general  outline,  the  map  is  similar  to  the  map  of  rough- 
ness. Similarity  would  also  be  found  between  Fenneman's  physiographic 
regions  and  the  roughness  (1). 

The  roughness  index,  therefore,  meets  the  requirements  set  forth 
earlier.  It  is  easy  to  compute,  it  is  capable  of  duplication,  it  presents  a 
picture  that  is  in  general  agreement  with  what  others  think  of  the  area, 
and  it  brings  out  details  that  the  other  measures  do  not. 

When  the  roughness  index  is  compared  with  some  of  the  economic 
and  social  variables  in  the  northeast,  some  interesting  results  are 
obtained.  As  might  be  expected,  we  find  that  as  the  roughness  increases, 
the  percentage  of  farmland  in  pasture  increases  (r  =  +.73),  the  per- 
centage of  cropland  decreases  (r  =  — .51),  the  average  size  of  farm 
increases  (r  —  +.41),  and  the  amount  spent  on  petroleum  products  (a 
measure  of  intensity  of  land  use)  decreases  (r  =  — .57).  On  the  other 
hand,  some  expected  relationships  do  not  materialize.    There  is  only  a 
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Fig.  4 


very  slight  correlation  between  the  density  of  the  rural  farm  population 
and  the  roughness  (r  ==  — .20),  but  the  rural  level  of  living  decreases 
as  the  roughness  increases  (r  =  — .48). 

Other  relationships  could  be  pointed  out,  but  the  ones  presented  are 
sufficient  to  show  that  the  roughness  index  is  capable  of  being  used 
with  the  economic  and  social  variables  available  on  a  county  basis  in 
the  United  States  Census. 


Literature  Cited 

1938.     Physiography  of  Eastern  United  States. 


Mc- 


1930-31.     "A    Statistical    Index    of    Topography." 


Fenneman,  Nevin  M. 
Graw-Hill,  New  York. 
Hamilton,    C.    Horace. 
Social  Forces  9:204-205. 

Hammond,    Edwin   H.     1954.     "Small    Scale   Continental   Landform   Maps." 
Annals  of  the  Association  of  American  Geographers  44:33-43. 
Horton,  Robert  E.    1932.    "Drainage  Basin  Characteristics."    Transactions 
of  the  American  Geophysical  Union.    National  Research  Council,  Wash- 
ington, D.  C.  pp.  350-361. 

Neunschwander,  Gustav.    1944.    Morphometrischer  Bergriffe.    Emil  Ruegg 
&  Co.,  Zurich. 

Wentworth,    Chester    K.     1930.     "A    Simplified    Method    of   Determining   the 
Average   Slope   of   Land   Surfaces."   American  Journal  of   Science  30:184-194. 


Population  Censal  Maxima  in  Indiana  Townships 

Jay  Lewis  Meisel,  Indiana  University- 
It  is  the  purpose  of  this  paper  to  determine  the  censal  year  in 
which  each  Indiana  township  attained  its  maximum  population,  and  to 
describe  the  patterns  of  areal  distribution  of  those  groups  of  townships 
which  attained  their  maximum  population  at  the  same  period  of  time. 
A  theoretical  analysis  of  these  patterns  is  suggested  for  further  research. 

The  censal  year  of  maximum  population  for  each  township  was 
determined  from  the  decennial  censuses  between  1850  and  1950  inclusive. 
Contiguous  groups  of  townships  appear  to  have  reached  population 
maxima  in  four  distinct  periods:  1850-1870,  1880-1900,  1910-1940,  and 
1950  (Figure  1). 

Most  of  the  townships  attaining  their  peak  population  in  the  period 
1850-1870  are  found  on  the  Dearborn  Upland  and  the  Scottsburg  Low- 
land, with  a  secondary  concentration  at  the  junction  of  the  Wabash  and 
Tippecanoe  Rivers.  For  the  most  part,  these  areas  were  declining  in 
population  in  1950. 

Townships  reaching  their  peak  population  in  the  period  1880-1900 
include  the  majority  of  Indiana  townships.  These  predominantly  agri- 
cultural townships  are  evenly  dispersed  throughout  the  state  with  no 
particular  concentration. 

Townships  reaching  their  maxima  in  the  period  1910-1940  are  largely 
localized  in  strip  mining  areas  in  the  southwestern  part  of  the  state 
with  a  smaller  concentration  in  the  northwestern  corner.  Many  indi- 
vidual townships  reaching  maxima  in  this  period  are  scattered  through 
the  eastern  portion  of  Indiana,  commonly  found  in  association  with 
townships  which  reached  their  maxima  in  1950. 

The  townships  reaching  their  peak  in  1950  appear  to  be  the  most 
highly  dispersed,  although  there  are  several  large  groups  that  appear 
to  be  related  to  industrialization  and /or  spreading  urbanized  areas. 
This  is  especially  noticeable  around  Indianapolis,  around  Evansville,  and 
in  the  northern  tier  of  counties  associated  with  South  Bend  and  metropoli- 
tan Chicago. 

The  dispersion  of  the  other  townships  reaching  their  maximum 
population  in  1950  is  not  as  patternless  as  it  might  first  appear.  Al- 
though most  of  these  townships  are  in  counties  in  which  three  or  fewer 
townships  reached  their  peak  population  in  1950,  almost  invariably  the 
county  seat  is  in  a  township  which  hit  its  peak  in  1950.  It  would 
appear  that  county  seat  towns  are  increasing  in  population  whereas 
surrounding  townships  are  decreasing. 

In  summary,  it  would  appear  that  the  vast  majority  of  townships 
which  do  not  contain  any  urban  center  had  reached  their  maximum 
population  by  1900  or  before,  whereas  virtually  every  township  contain- 
ing an  urban  center  was  at  its  peak  population  in  1950.    It  would  be 
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interesting  to  see  whether  the  same  pattern  appears  in  other  Mid-western 
states.  It  would  also  be  interesting  to  see  whether  the  same  pattern 
applies  to  Indiana  at  the  time  of  the  1960  Census. 


CENSAL  YEAR  OF  MAXIMUM  POPULATION 

(BY    TOWNSHIP) 


Figure  1 
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Some   Aspects   of   Settlement   Patterns — A   Case   Study 
in  South  Central  Indiana 

John  V.  Bergen,  Indiana  University 

Geographers  are  interested  in  population  and  settlement  as  a  basic 
element  in  the  cultural  landscape.  The  study  of  the  arrangement  of 
habitations  on  the  land  is  of  primary  concern  to  those  who  attempt  to 
describe,  analyze  and  explain  areal  differentiation  in  settlement,  whether 
it  be  in  terms  of  structure,  process,  or  stage. 

In  the  state  of  Indiana  there  are  four  important  sources  which 
might  provide  fairly  reliable  means  of  examining  and  mapping  rural 
settlements: 

(1)  County  highway  maps  with  dwellings  included  as  of  1937; 

(2)  Maps  or  records  of  county  officials — county  engineer  or  county 

agent  for  example; 

(3)  Aerial  photographs; 

(4)  United  States  Geological  Survey  topographic  quadrangles. 
Almost  uniform  coverage  of  the  entire  state  exists  in  county  highway 
maps,  although  accuracy  may  leave  something  to  be  desired.  County 
records  may  be  excellent  for  studies  of  historical  significance,  but  they 
may  also  be  somewhat  inaccessible.  Aerial  photos  per  se  present  the 
early  problem  of  distinguishing  dwellings  from  other  buildings,  whereas 
the  compilation  of  topographic  maps  has  solved  this  by  combining 
information  taken  from  aerial  photos  with  field  checks.  Much  of  Indiana, 
of  course,  is  still  in  the  process  of  being  surveyed  and  mapped  by  the 
U.  S.  G.  S.  However,  it  is  common  knowledge  among  geographers  and 
geologists  that  topographic  sheets,  especially  those  made  in  post  war 
years,  provide  a  rather  accurate  reproduction  of  numerous  cultural,  as 
well  as  physical  features.  Therefore  despite  the  lack  of  complete  and 
up-to-date  large  scale  mapping  of  the  state,  these  quadrangles  probably 
provide  one  of  the  best  sources  for  a  sample  study  of  rural  dwelling 
distribution. 

It  is  the  purpose  of  this  paper  to  consider  a  dot  map  of  rural  settle- 
ment in  a  specific  area  in  order  to  illustrate  the  use  of  topographic  maps 
for  the  analysis  of  settlement  patterns.  One  can  establish  working 
hypotheses  by  describing  and  analyzing  a  simple  dot  map  showing 
habitations  prior  to  carrying  out  any  field  research  for  the  explanation 
of  patterns  and  densities  of  dwellings.  By  tracing  off  the  location  of  all 
dwellings  from  topographic  quadrangles,  a  dot  map  (Fig.  1)  has  been 
prepared  for  a  sample  area  in  south  central  Indiana. 

Several  factors  influenced  the  choice  of  an  area  in  south  central 
Indiana  for  this  sample  study.  First,  it  seemed  appropriate  to  choose  an 
area  which  is  covered  by  several  quadrangles,  each  of  which  was  surveyed 
and  published  at  about  the  same  date  as  the  others.  Second,  it  seemed 
important  to  examine  an  area  of  sufficient  size  to  show  distinctive  pat- 
terns with  the  possibility  of  some  contrasting  patterns.    Third,  in  an 
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experimental  study  such  as  this,  some  prior  familiarity  with  the  area  is 
valuable  to  the  investigator. 

The  study  area  includes  southern  Johnson  County,  southwestern 
Shelby  County  and  northern  parts  of  Brown  and  Bartholomew  counties 
(Fig.  1).  This  area  is  covered  by  two  quadrangles  (Edinburg  and 
Franklin)  at  the  scale  1:62,500  and  by  eight  sheets  at  the  scale  1:24,000, 
all  of  which  are  dated  1946-1947.  The  dot  map  was  actually  constructed 
from  the  two  1:62,500  sheets,  because  the  smaller  scale  proved  to  be  more 
workable  for  an  area  of  almost  500  square  miles.  However,  the  1:24,000 
sheets  provide  better  information  on  any  local  detail  which  may  be  of 
interest.  Furthermore,  future  studies  of  settlement  patterns  in  Indiana 
will  require  almost  exclusive  use  of  the  larger  scale,  since  the  two 
1:62,500  sheets  mentioned  earlier  were  the  only  Indiana  quadrangles 
produced  at  that  scale  after  1935. 

A  few  preliminary  problems  presented  themselves  in  making  the 
experimental  dot  map.  Perhaps  the  most  obvious  irregularity  in  the 
map  (Fig.  1)  is  the  large  break  in  the  center,  an  area  devoid  of  any 
true  rural  settlement  in  1946-1947  (and  today,  too)  because  of  the  exist- 
ence of  Camp  Atterbury.  Although  the  camp  has  housed  many  military 
personnel  at  various  intervals  since  the  end  of  World  War  II,  settle- 
ments in  this  area  have  been  omitted  and  the  space  used  for  the  legend 
and  an  index  map.  Nevertheless  it  is  necessary  to  recognize  this  major 
disruption  of  dot  distribution,  for  the  reservation  may  have  had  and 
may  still  have  an  influence  on  the  surrounding  rural  settlement  pattern. 

Another  problem  in  making  this  dot  map  involves  the  cartographic 
expression  of  agglomerated  settlements  as  well  as  dispersed  settlements. 
The  presence  of  several  small  villages  plus  two  towns  with  between  2,500 
and  10,000  people  necessitates  deviations  from  the  simple  dot  distribution 
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map.  However,  these  places  cannot  be  ignored  because  they  are  occupiers 
of  space  and  centers  of  dwellings  themselves.  Therefore  in  an  arbitrary 
manner  all  clusters  with  more  than  twenty-five  houses  have  been  out- 
lined (Fig.  1).  The  existence  of  these  built-up  areas  is  an  integral  part 
of  the  settlement  pattern  as  a  whole. 

An  examination  of  the  patterns  in  Figure  1  reveals  any  number 
of  both  simple  and  complex  facts,  most  of  which  point  to  a  need  for 
further  research.  No  doubt  the  most  obvious  thing  is  the  apparent 
alignment  of  rural  dwellings  either  in  straight  or  winding  sequence. 
Reference  to  the  topographic  sheets  indicates  the  expected  correlations 
of  settlements  (houses)  to  road  patterns.  For  ease  in  comparing  settle- 
ment patterns  with  road  patterns,  a  second  map  might  have  been  made 
to  show  roads  only. 

The  map  further  suggests  that  road  patterns  (and  in  consequence 
patterns  of  dwelling  distribution)  probably  are  in  some  measure  deter- 
mined by  the  topography.  Patterns  implicit  in  the  township  and  range 
system  are  apparent  in  the  relatively  level  eastern  half  of  the  area,  as 
witness  the  predominance  of  a  straight  line  pattern  of  houses  along 
what  are  actually  section  lines.  The  major  breaks  in  this  rather  regular 
pattern  arise  from  the  fact  that  at  least  three  important  streams  or 
rivers  cross  the  area  represented  in  the  eastern  half  of  the  map.  Also 
a  radiating  pattern  of  dwellings,  which  seems  to  be  closely  correlated 
with  state  highways,  is  noticeable  in  the  vicinity  of  the  town  of  Franklin 
(just  left  of  upper  center  in  Fig.  1). 

In  contrast  to  the  angular  and  straight  line  arrangement  of  houses, 
the  pattern  in  the  southwestern  portion  of  the  map  is  distinctly  irregular 
even  though  the  dots  still  suggest  the  relationship  to  roads.  The  topo- 
graphic sheets  provide  a  ready  answer  to  the  pattern  in  this  Brown 
County  sector  with  its  ridge  and  valley  roads. 

Aside  from  the  description  of  areal  differentiation  of  house  distribu- 
tion patterns,  the  dot  map  may  be  analyzed  to  determine  density  of  set- 
tlement. Casual  observation  of  the  map  (Fig.  1)  gives  no  simple  clue  to 
densities  in  any  part  of  the  map  other  than  in  the  hamlets  or  villages. 
Does  the  hilly  southwestern  part  have  as  many  dwellings  as  does  the 
part  which  lies  in  the  Tipton  Till  Plain  and  Scottsburg  Lowland  to  the 
north  and  east?  This  cannot  be  answered  without  some  means  of  meas- 
urement which  permits  a  comparison. 

Several  different  means  could  be  used  to  measure  density,  but  only 
a  rather  simple  estimate  is  included  here.  A  count  was  made  of  all 
individual  houses  by  using  a  grid  of  half  mile  squares.  Except  for  the 
outlined  built-up  areas  no  square  had  more  than  fifteen  houses  and  few 
had  more  than  five.  For  purposes  of  comparing  densities  in  areas 
already  noted  as  having  different  settlement  patterns,  a  count  was  made 
for  eight  mile  squares  in  each  of  the  four  corners  of  the  map.  The 
southeast  sector  has  433  rural  dwellings  along  with  four  built-up  areas 
and  part  of  an  air  base;  the  northeast  sector  has  509  dwellings  plus  one 
built-up  area;  the  northwest  square  has  503  dwellings  plus  two  built-up 
areas;  and  the  southwest  square  has  436  dwellings  and  only  a  small 
portion   of  one   built-up   area.    Although  the  latter   eight  mile   square 
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which  is  almost  entirely  hill  country  has  less  agglomerated  settlement 
than  the  other  sectors,  the  difference  in  the  number  of  dispersed  settle- 
ments is  not  great. 

One  might  speculate  as  to  why  there  is  no  greater  disparity  in  the 
density  of  rural  dwellings  considering  the  fact  that  there  is  some  areal 
differentiation  in  pattern  and  in  topography.  Interesting  as  it  may  be 
to  pursue  this  further,  it  becomes  a  study  of  types  of  dwellings,  types 
of  people  and  types  of  land  use. 

A  map  such  as  the  one  described  and  briefly  analyzed  here  can  serve 
as  a  framework  for  studying  rural  settlement  patterns — the  arrange- 
ment of  places  and  their  density.  The  dot  map  also  becomes  a  tool 
for  more  comprehensive  analysis  of  population,  since  each  dot  repre- 
senting an  individual  dwelling  conveys  fairly  accurately  the  location  of 
a  small  group  of  human  beings — usually  the  family  unit.  A  study  of 
areal  differentiation  of  settlement  patterns  could  be  accomplished  within 
the  state  of  Indiana  by  comparing  a  series  of  dot  maps  taken,  for 
example,  from  each  of  the  physiographic  provinces  or  each  of  the  types 
of  farming  regions. 

Jean  Bruhnes  emphasized  the  importance  of  settlement  patterns 
to  students  of  geography  when  he  wrote:  "It  is  not  the  houses  alone 
that  need  consideration,  nor  even  the  towns:  it  is  the  pattern,  the  'funda- 
mental seed  bed/  of  human  settlement,  a  more  or  less  closely  woven 
network  on  which  is  built  up  the  entire  range  of  centres  of  popula- 
tion" (1). 

Literature  Cited 

1.    Bruhnes,  Jean,  Human  Geography,  (First  edition  in  1910  in  French;  later 
editions  available  in  several  English  translations). 


A  Geographic  Approach  to  Prediction  of  College 
Freshmen  Enrollment 

Richard  B.  Johnston,  Indiana  University 

In  recent  years  the  rapid  growth  of  colleges  and  the  certain  prospect 
of  continued  expansion  has  drawn  attention  to  and  made  necessary 
some  means  of  forecasting  future  enrollments.  Officials  at  Indiana  Uni- 
versity, for  instance,  estimate  that  the  student  population  will  double 
within  two  decades.  On  the  strength  of  these  predictions,  already 
crowded  facilities  are  undergoing  a  multi-million  dollar  enlargement 
intended  to  meet  and  serve  the  increased  and  increasing  demand  for 
college  education. 

Predicting  enrollments,  then,  is  of  some  importance  to  college 
administrators.  At  Indiana  University,  for  example,  future  enrollment 
has  been  predicted  as  follows :  the  number  of  incoming  freshmen  each 
year  is  divided  into  the  total  number  of  births  in  Indiana  eighteen  years 
previously.  Over  the  years  this  has  produced  a  series  of  percentages 
which  have  been  projected,  with  adjustments  annually  to  apparent  indi- 
cated trends,  and  applied  to  more  recent  birth  records  (i.e.,  less  than 
18  years  previous  to  date  of  prediction)  in  order  to  estimate  future 
matriculations.  Herein  is  suggested  a  refinement  of  this  method  which, 
while  not  radically  different,  is  so  modified  as  to  yield  greater  detailed 
information  from  a  comparable  body  of  raw  data,  of  interest  to  both  the 
administrator  and  geographer. 

At  Indiana  University,  to  continue  the  example,  the  student  popu- 
lation is  not  derived  uniformly  from  the  ninety-two  counties  of  Indiana, 
although  this  assumption  is  implicit  in  any  use  of  gross  state  figures  to 
estimate  enrollments.  In  light  of  the  fact  that  more  students  are 
attracted  from  some  areas  than  from  others,  it  would  seem  appropriate 
to  base  predictions  on  data  from  counties,  a  convenient  smaller  area,  in 
the  hope  that  errors  arising  from  areal  variations  in  student  yield  may 
therefore  be  minimized  and  a  greater  insight  provided  into  the  probable 
source  and  size  of  future  incoming  freshmen  classes. 

Toward  this  end,  the  number  of  freshmen  enrolling  at  I.  U.  in 
1950  from  each  Indiana  county  was  computed  as  a  percentage  of  the 
number  of  children  5  and  6  years  old  in  each  county  who  were  enrolled 
in  grade  school  in  1940.  For  any  one  county  then,  the  derived  percentage, 
when  applied  to  the  grade  school  enrollment  figure  of  1950,  would  pro- 
duce an  estimate  of  the  yield  of  freshmen  to  I.  U.  in  1960.  The  total 
of  the  county  figures  is  the  predicted  size  of  the  freshmen  class  at  I.  U. 
in  1960.  The  county  percentage  figures  have  also  been  arranged  in  order 
according  to  size,  the  ranking  arbitarily  divided  into  three  classes  of 
approximately  equal  size  and  the  distribution  of  these  percentage  classes 
plotted  on  the  map. 
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The  1940  and  1950  Census  of  Population  was  the  source  of  the 
grade  school  figures  while  college  enrollment  data  was  obtained  through 
the  courtesy  of  Mr.  Charles  E.  Harrell,  Registrar,  Indiana  University. 


FRESHMEN  ENTERING 
INDIANA  UNIVERSITY 
IN  1950  AS  PERCENT 
OF  5-6  YEAR  OLDS 
IN  GRADE  SCHOOL  IN 
1940,     BY    COUNTY 
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The  distribution  of  the  percentage  classes  illustrates,  among  other 
things,  that  some  counties  are  more  productive  of  I.  U.  students  than 
others.  One  must  remember  that  the  county  values  are  not  reckoned 
in  terms  of  the  absolute  number  of  freshmen  at  I.  U.  but  according 
to  the  relative  percentage  or  proportion  of  freshmen  as  compared  to 
5  and  6  year  olds  in  grade  school.  In  this  way  all  counties  are  rendered 
comparable  for  comparative  purposes,  the  values  not  directly  reflecting 
absolute  population. 

The  counties  surrounding  I.  U.  are  seen  in  Fig.  1  to  be  among  the 
most  productive  of  students  and  Monroe  Co.,  the  site  of  Indiana  Univer- 
sity, ranks  the  highest  in  the  state  with  freshmen  enrollment  in  1950 
amounting  to  8.98%  of  the  number  of  5  and  6  year  old  grade  school  pupils 
in  1940.  Other  counties  in  the  1.5%  or  more  class  extend  north  through 
the  central  part  of  the  state  and  occur  in  the  heavily  populated  counties 
in  the  northwest  corner  of  the  state.  It  is  suspected  that  the  density 
of  population  in  the  counties  in  the  northeast  portion,  while  not  formed 
into  larger  urban  places,  may  be  otherwise  sufficiently  concentrated  to 
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account  for  the  comparatively  high  yield  of  freshmen  to  I.  U.  The  1.0- 
1.5%  group  tends  to  surround  the  generally  more  central  high  yield 
counties  except  where  the  pattern  is  interrupted  by  low  value  areas. 
About  one-half  of  these  moderately  productive  counties  contain  an  urban 
place  of  10,000  or  more.  With  one  exception,  none  of  the  thirty-four 
counties  in  the  0.0-1.0%  class  have  sizable  urban  places.  The  association 
between  high  yield  and  the  Monroe  Co.  area  is  demonstrated  in  the 
southwest  quadrant  of  the  state  where  low  value  counties  are  otherwise 
concentrated. 

Using  these  county  data  then  a  prediction  can  be  made  for  the 
Indiana  University  freshman  class  of  1960.  The  total  number  of  fresh- 
men enrolling  in  the  fall  of  1950  was  1,560.  In  the  preceding  ten  years, 
between  1940  and  1950,  the  school  age  population  expanded  markedly. 
As  a  result,  the  total  of  the  county  predictions  comes  to  2,257,  the 
estimated  number  of  entering  freshmen  at  I.  U.  in  1960.  The  additional 
697  freshmen  enrollments  estimated  for  1960  over  the  known  1,560  in 
1950  constitute  a  44.7%  increase. 

This  investigation  has  shown  that  a  higher  yield  of  freshmen  to 
Indiana  University  may  be  related  to  areas  having  greater  urban 
development.  As  well,  counties  surrounding  the  university  contribute  a 
high  percentage  of  freshmen  in  spite  of  the  fact  that  they  are  not 
heavily  populated.  Since  the  comparative  analysis  was  based  on  per- 
centages and  the  counties  thereby  rendered  comparable,  it  is  possible 
to  say  that  college  entrance  is  more  valued  or  available  to  the  high 
percentage  counties  than  to  others  and  is  not  a  direct  function  of 
population  size.  While  some  explanation  of  the  distribution  of  percentage 
values  has  been  offered,  there  are  no  doubt  other  unrecognized,  sometimes 
special,  elements  in  operation  exerting  an  influence  on  the  yield  of  fresh- 
men students  from  certain  sections.  Predictions  will  be  more  reliable 
when  these  and  other  elements  are  taken  into  account. 


Indiana's  Valleys 

Stephen  S.  Visher,  Indiana  University 

Indiana  has  several  kinds  of  valleys  ranging  greatly  in  size.  Two 
small  types  are  sinkholes  in  the  limestone  belt  of  unglaciated  southern 
Indiana  and  "kettle  holes"  in  the  glacial  terminal  moraines,  some  of 
which  valleys  are  only  a  few  rods  across.  Other  small  valleys  are  water- 
worn  rills,  gullies,  and  creek  valleys.  These  range  in  size  from  tiny 
rills  to  stream  valleys  which  are  conspicuous  even  from  a  distance. 
Famous  are  the  Wabash,  White,  and  Ohio  River  valleys,  but  there  are 
scores  of  other  river  valleys  which  are  locally  prominent.  Most  of  Indiana 
is,  of  course,  part  of  the  Great  Mississippi  Valley,  although  part  of 
Northern  Indiana  is  in  the  St.  Lawrence  Drainage  System  or  Valley. 

Indiana's  valleys  differ  widely  in  depth.  The  deepest,  measuring 
from  the  nearby  upland  to  the  lake  bottom  is  Lake  Michigan,  which 
was  gouged  out  by  the  ancient  ice  sheets.  The  highest  sand  dunes 
bordering  Lake  Michigan  are  more  than  600  ft.  higher  than  the  bottom 
of  Lake  Michigan  at  the  northern  Indiana  boundary.  Measured  from 
the  upland  to  the  valley  floodplain,  the  deepest  valley  is  the  Ohio  near 
Madison,  and  especially  shortly  below  New  Albany,  where  the  altitude 
range  within  a  mile  or  two  is  about  400  ft.  In  much  of  southern  Indiana, 
the  highest  point  in  a  county  is  200  to  300  feet  higher  than  the  lowest. 
Indiana's  deepest  gorges,  in  Clifty  Falls  State  Park  near  Madison  and 
at  Turkey  Run  and  Shades  in  Parke  County,  are  only  200-350  feet 
deep,  which  is  shallow  compared  with  the  gorges  in  many  parts  of  the 
world. 

Indiana's  valleys  have  been  formed  in  varied  ways;  the  sinkholes, 
by  the  solution  of  underlying  limestone;  the  kettleholes  and  many  other 
glacial  depressions  by  irregular  deposition  of  materials  which  were  trans- 
ported by  the  ancient  glaciers;  the  water-worn  valleys  were  created  by 
the  runoff  following  rains  or  melting  snow.  Another  type  of  valley  is 
found  between  sand  dunes  blow  up  by  the  wind.  Depressions  of  another 
type  have  been  caused  by  the  slumping  or  downslip  when  wet,  of  part 
of  a  steep  slope.  Some  of  these,  despite  their  small  size,  are  locally 
significant  in  several  ways,  notably  to  the  local  fauna  and  flora.  Some 
contain  ponds. 

Some  of  Indiana's  valleys  are  ancient:  this  is  true  of  many  of 
those  in  the  unglaciated  part  of  the  state,  where  some  of  even  the 
smaller  ones  are  many  millions  of  years  old — older  than  the  Grand 
Canyon  of  the  Colorado  River.  Another  type  of  ancient  valley  is  in 
the  glaciated  region  where  the  glacial  deposits  did  not  entirely  fill  some 
pre-glacial  valley. 

Man-made  valleys  in  considerable  number  have  been  created  in  the 
area  of  strip-mine  coal  mines,  and  tiny  ones  by  the  hundreds  of  thousands 
as  basements  for  buildings.    A  rapidly  increasing  number  of  depressions 
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are  dug  out  to  create  farm  ponds,  although  most  artificial  ponds  are 
created  by  constructing  dams  across  valleys. 

Valleys  have  had  profound  significance  upon  mankind  in  Indiana. 
Stream  valleys  are  the  chief  natural  drainage  ways.  The  valleys  and 
their  streams  have  had  varied  significance,  including  interfering  with 
transportation  across  them.  Most  of  the  larger  valleys  are  followed  by 
roads  or  railways  at  least  locally.  Many  of  the  valleys  in  the  recently 
glaciated  part  of  the  state  contain  locally  marshes  or  lakes,  which  now 
are  much  appreciated.  It  is  illegal  now  to  drain  a  lake,  or  even  to  lower 
its  level,  and  various  marshes  laboriously  drained  in  the  early  years  of 
this  century  have  recently  been  restored  to  marshes  because  they  are 
more  valuable  as  marshes  than  as  poor  farm  land.  Numerous  sinkholes 
are  plugged  up  naturally  with  clay  and  hence  contain  ponds  or  small 
lakes.  Most  valleys  have  springs  along  their  sides,  at  least  in  wet 
weather.  Many  pioneers  located  their  homes  so  as  to  take  advantage  of 
such  springs. 

In  brief,  valleys  have  played  an  important  role  in  Indiana  and  it 
is  appropriate  that  they  receive  more  attention  than  they  have  in  the  past. 


What  Caused  the  Ice  Age? 

John  G.  Gosselink,  Hartford  City 

It  is  possible  that  long  range  climatic  variations  may  be  a  product 
of  temperature  fluctuations  resulting  from  changes  in  the  water  vapor 
content  of  the  earth's  atmosphere,  and  hence  from  changes  in  the  "green- 
house effect." 

Quantum  mechanics,  which  deals  with  radiation  phenomena  in 
terms  of  photons  rather  than  the  waves  of  classical  mechanics,  gives  a 
new  concept  of  the  escape  of  radiant  energy  through  a  gaseous  medium. 
A  photon  of  infra-red  radiation  originating  at  the  earth's  surface  will, 
after  travelling  a  short  distance,  excite  a  molecule  of  carbon  dioxide 
or  water  in  the  rotational  quanta.  The  excited  molecule  will  almost 
immediately  revert  to  its  original  state,  and  ejects  the  photon  in  a 
haphazard  direction  to  excite  another  molecule.  Thus  the  escape  of  infra- 
red radiation  through  the  earth's  atmosphere  is  a  "random  walk"  process 
which  retains  energy  much  longer  than  if  the  paths  of  the  photons  were 
not  hindered  by  the  molecules  of  carbon  dioxide  and  water. 

Only  carbon  dioxide  and  water  can  produce  this  "greenhouse  effect" 
in  the  earth's  atmosphere,  as  its  other  gaseous  constituents  have  no 
permissible  quanta  in  the  infra-red  range.  Both  carbon  dioxide  and 
water  vapor  have  a  quantum  spectrum  (mainly  rotational)  which  covers 
the  same  general — the  infra-red — range,  and  thus  both  should  be  about 
equally  effective  in  producing  the  "random  walk"  effect,  but  water  vapor 
should  be  dominant  in  producing  the  "greenhouse  effect,"  as  on  the 
average  there  are  more  than  a  hundred  molecules  of  water  vapor  in 
the  air  for  every  molecule  of  carbon  dioxide. 

Astronomers  agree  that  water  vapor  is  the  dominating  factor  in 
obscuring  the  spectrum  in  the  infra-red.  In  Kuiper's  The  Earth  As  A 
Planet  (2),  Goldberg  writes  (in  connection  with  the  absorption  spectrum 
of  the  atmosphere)  :  "...  At  longer  wave  lengths  that  atmosphere  is 
made  completely  opaque  from  24  to  1,000  microns  (the  infra-red  range) 
by  the  pure  rotational  spectrum  of  water."  (3).  In  this  same  volume 
Rodgers  writes:  "It  is  interesting  to  note  that  although  water  vapor 
usually  comprises  less  than  2%  of  the  (atmosphere's)  gases  it  absorbs 
nearly  six  times  as  much  of  the  solar  radiant  energy  as  all  the  other  gases 
combined.  Furthermore,  it  accounts  for  the  absorption  of  nearly  all  the 
terrestrial  radiation  by  the  gases  (4). 

If  indeed  water  vapor  is  the  dominant  factor  in  creating  the  "green 
house  effect,"  then  long  range  climatic  changes  might  be  explained  in 
terms  of  the  fluctuating  water  vapor  content  of  the  atmosphere.  The 
warm  periods  that  are  known  to  have  existed  prior  to  and  between  the 
ice  ages  may  have  been  caused  by  the  greater  "greenhouse  effect"  result- 
ing from  a  higher  than  average  atmospheric  water  vapor  content.  The 
extreme  rapidity  with  which  the  vapor  pressure  changes  with  respect 
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to  the  absolute  temperature  tends  to  cause  climatic  fluctuations  over 
very  long  periods  of  time. 

For  instance,  if  a  temporary  increase  in  average  world  temperatures 
increased  the  ocean  surface  temperatures  one  degree  Centigrade,  the 
vapor  tension  of  the  oceans  would  increase  from  11.98  mm  of  mercury  to 
12.79  mm.  This  would  increase  the  average  rate  of  evaporation,  the 
water  vapor  content  of  the  atmosphere  would  increase,  and  the  asso- 
ciated increase  in  the  "green  house  effect"  would  raise  the  temperature 
still  higher.  This  would  tend  to  set  up  a  cycle  by  which  the  temperature 
would  approach  an  asymptotic  limit. 

Only  47  percent  of  the  solar  energy  intercepted  by  the  planet 
reaches  the  earth's  surface  and  is  absorbed  by  it  (6).  Half  the  energy 
absorbed  by  the  surface  is  expended  in  evaporating  the  water  that  falls 
as  rain,  and  this  energy,  in  going  over  to  the  latent  form,  is  ineffective 
in  raising  the  temperature  of  the  earth's  surface.  Convection  carries 
most  of  this  latent  energy  to  heights  where  the  "greenhouse  effect"  is 
greatly  reduced;  condensation  then  releases  the  latent  energy  in  the 
form  of  heat,  which  radiates  into  the  cold  of  outer  space  with  little 
"greenhouse"  hindrance. 

If  this  cycle  were  to  operate  until  the  average  world  temperature 
became  26°  C,  instead  of  the  present  14°  C,  the  water  vapor  tension 
would  be  25  mm  of  mercury,  a  little  more  than  double  the  present  tension. 
Increased  water  vapor  tension  would  cause  such  rapid  evaporation  from 
the  oceans  that  all  the  energy  absorbed  would  be  required  to  sustain  the 
evaporative  process,  and  no  energy  would  have  to  be  radiated  directly 
from  the  surface  to  maintain  an  energy  balance.  This  would  be  the 
theoretical  temperature  the  earth  would  attain  if  the  "greenhouse  effect" 
became  so  efficient  that  infra-red  radiation  were  wholly  unable  to  escape 
the  surface.  At  this  temperature  the  process  of  carrying  energy  bodily 
in  the  latent  form,  through  the  low  altitudes  where  the  "greenhouse 
effect"  is  predominant,  becomes  so  efficient  that  it  could  maintain  a 
radiation  balance  without  help  from  direct  radiation  from  the  surface. 
The  state  of  equilibrium  thus  attained  may  result  in  temperatures  that 
may  become  as  high  as  those  that  existed  between  the  ice  ages. 

In  an  atmosphere  with  a  high  "greenhouse  effect"  due  to  the  presence 
of  water  vapor,  the  temperature  of  the  world  would  become  cooler  if 
a  dry  area  developed  through  which  radiation  from  the  surface  could 
escape  with  little  "greenhouse"  hindrance.  This  would  reverse  the  cycle — 
cooler  temperatures,  cooler  water,  less  rapid  evaporation,  less  "green- 
house effect,"  and  still  colder  temperatures.  At  this  end  of  the  fluctuation 
the  asymptotic  limit  beyond  which  temperatures  will  not  fall  is  the 
temperature  that  would  prevail  if  the  atmosphere's  "greenhouse  effect" 
were  wholly  due  to  carbon  dioxide.  The  unstable  equilibrium  at  the  warm 
end  of  the  cycle  could  have  been  upset  by  various  factors,  such  as  land 
uplift  (geologic  revolution),  which  seems  to  have  occurred  in  the  same 
periods  as  glaciation. 

The  cycle  we  postulate  should  develop  conditions  of  unstable  equi- 
librium at  both  ends  of  the  fluctuation,  and  should  cause  the  climate  to 
change   very   rapidly   during   the   period   when   the   equilibrium   became 
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upset.    At  the  warm  end  of  the  cycle  the  climate  should  warm  up  very 
rapidly  when  the  last  of  polar  ice  disappears. 

Except  for  a  shallow  surface  layer,  the  oceans  are  now  nearly  ice 
cold  even  at  the  Equator,  apparently  because  polar  ice  keeps  the  polar 
waters  ice  cold,  and  this  dense  cold  water  creeps  along  the  bottom  toward 
the  equatorial  regions  by  oceanic  convection.  But  if  the  polar  surface 
waters  warmed  up,  there  would  be  no  ice  to  sustain  cold  water  conditions, 
no  cold  water  to  sink,  and  the  oceans  would  warm  up  very  rapidly  on 
a  geological  time  scale.  Geological  cores  from  the  polar  oceans  show 
that  one  time  tropical  mollusks  suddenly  appeared  very  far  north,  an 
indication  that  such  rapid  warming  actually  did  take  place. 

If  world  temperatures  increase,  the  first  effect  is  to  melt  polar 
ice  more  rapidly,  leaving  the  oceans  ice  cold  as  they  are  now,  except 
for  a  shallow  surface  layer.  The  vapor  pressure  of  the  oceans  remains 
nearly  constant  when  the  oceans  are  in  this  condition,  as  they  must  have 
been  whenever  there  was  polar  ice.  If  this  is  true,  as  it  must  have 
been  over  a  large  part  of  the  cycle,  then  other  reasons  must  be  sought 
for  variations  in  the  "greenhouse  effect."  It  may  well  be  that  variations 
in  the  carbon  dioxide  content  of  the  atmosphere,  as  postulated  by  Plass 
(5),  were  instrumental  in  causing  the  initial  small  increase  in  tempera- 
ture required  by  our  hypothesis.  This  small  increase  hastens  the  melting 
of  the  ice  and  thus  triggers  the  long  range  cycle  we  propose. 

The  change  in  climate  should  also  have  been  very  abrupt  at  the  end 
of  the  long  fluctuation  period.  We  postulate  that  the  bulk  of  the  glacier 
accumulated  when  the  climate  in  other  regions  was  still  warm  and 
humid.  Warm,  humid  air  can  transport  enormous  amounts  of  water 
vapor,  and  glacial  formation  is  explained  by  the  fact  that  ice  or  snow 
falls  faster  than  it  melts.  We  postulate  that  considerable  melting 
occurred  as  the  glacier  was  forming.  From  mollusk  evidence  the  oceans 
were  then  warmer  throughout,  but  the  melting  glacier  provided  cold 
water  to  restore  the  condition  that  now  keeps  the  oceans  uniformly 
cold.  The  oceans  began  to  get  cold,  from  the  bottom  up,  but  at  first  the 
upper  layers  where  evaporation  occurs  remained  as  warm  as  they  had 
been.  When  the  line  of  demarcation  between  warm  and  cold  layers 
reached  the  surface,  a  very  sudden  change  in  climate  would  have  oc- 
curred. Surface  temperatures  were  lowered  to  much  what  they  are  now, 
vapor  pressures  dropped  sharply,  and  with  them  dropped  the  average 
water  content  of  the  air,  thus  causing  a  much  smaller  "greenhouse 
effect"  and  a  generally  colder  climate. 

This  theory  seems  corroborated  by  evidence  from  ocean  bottom 
sediment  cores.  The  nature  of  marine  life  found  in  the  cores  indicates 
that  the  change  in  climate  must  have  been  exceedingly  sharp,  and 
the  sharp  line  of  demarcation  indicates  that  the  change  must  have 
been  extremely  sudden.  Ewing  and  Donn  develop  a  theory  concerning 
the  ice  age  which  differs  considerably  from  the  one  developed  here 
(7),  but  both  theories  agree  that  there  should  have  been  a  radical 
change    in    ocean    temperatures    when   the    arctic    ice    disappeared. 
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Normal  Earthquakes  and  Records  of 
Tremors  in  the  Earth's  Rotation 

Gerald  J.  Shea 

Introduction 

January  1,  1959  will  mark  the  completion  of  the  10th  year  of 
Seismographic  recording  in  the  city  of  Terre  Haute,  Indiana.  To  the 
people  in  general  it  will  mean  nothing;  but  to  the  few  individuals 
who  through  the  turbulent  years  extended  a  helping  hand  when  it 
was  most  needed,  the  occasion  will  mark  a  time  of  rare  accomplishment 
indeed. 

Instrument  Recording  Previous  to  1953 

The  original  installation  consisted  of  two  modified  Bosch-Omori 
seismographs  oriented  N-S  and  E-W.  Recording  on  smoked  paper 
at  a  magnification  of  about  25  to  30.  The  large  earthquake  of  August 
21,  1949  in  the  Queen  Charlotte  Islands  and  the  great  earthquake  of 
August  15,  1950  were  well  indicated  on  records  by  these  simple  instru- 
ments. From  1949  to  1953  a  total  of  62  well  defined  earthquakes  were 
reported.  The  modified  Bosch-Omori  seismographs  worked  very  well, 
were  easy  to  maintain,  and  very  inexpensive  to  operate.  The  construc- 
tion of  these  were  published  by  Seismological  Society  of  America  in 
Earthquake  Notes  Dec.  1,  1955. 

The  Introduction  of  Photographic  Recording 

In  the  fall  of  1953  a  visit  to  the  Institute  of  Technology  of  St. 
Louis  University,  and  a  talk  with  the  late  Reverend  Doctor  James  B. 
Mackelwane,  opened  the  way  for  the  construction  of  a  form  of  instru- 
ment using  photographic  recording.  The  seismograph  is  a  rough  copy 
of  the  Milne-Shaw  type;  but  actually,  as  the  years  have  gone  by,  I 
have  learned  to  respect  it  as  a  new  form  of  instrument  developed 
out  of  sheer  necessity.  Its  construction  was  published  in  Earthquake 
Notes,  March  1956  under  the  name  of  the  "Modified  Milne-Shaw  seis- 
mograph." Copies  of  both  publications  are  still  available  at  a  very 
slight  cost. 

Normal  Earthquakes 

With  the  perfection  of  photographic  recording  a  tremendous  increase 
in  sensitivity  was  accomplished;  making  it  possible  at  times  to  obtain 
three  or  four  clearly  defined  earthquake  records  per  day.  The  reporting 
of  these  normal  earthquakes  is  a  very  accurate  determination  of  the 
arrival  time  of  the  principal  wave  fronts  which  for  convenience  are 
named  P.S.  and  L.  From  S  minus  P  the  origin  time  can  be  found  and 
in  a  few  cases  an  iP  will  enable  the  observer  by  "Galitzins  triangula- 
tion"  to  approximate  an  epicenter-reference.  ("Vorlesungen  iiber  Seis- 
mometry,"    B.    Galitzin    1914).     The    computing    of    magnitude    is    also 

298 


Geology  and  Geography  299 

routinely  carried  on,  and  accomplished  by  first  finding  the  ground  dis- 
placement in  microms;  then  using  the  equations  as  developed  by  Guten- 
berg and  Richter.  Magnitudes  vary  from  2.0  to  8.5  and  are  a  measure 
of  the  actual  energy  spent  by  an  earthquake.  The  precise  calculation 
is  described  in  a  paper  I  presented  before  the  Seismological  Society 
of  America  at  Saint  Louis  University  June  14,  1958.  The  original  work 
by  "Wood  and  Anderson"  and  "Gutenberg  and  Richter"  can  be  found 
in  the  "Bulletin  of  the  Seismological  Society  of  America,  1928,  and 
1945.'  The  paper  I  presented  has  been  accepted  for  publication  in 
Earthquake  Notes  1958. 

Records  of  Tremor  in  the  Earth's  Rotation 

In  the  course  of  study  of  seismology  vibrations  of  all  kinds  are 
constantly  encountered.  It  is  understood  then  why  in  the  fall  of  1956 
the  minute  tremors  which  may  be  associated  with  the  rotation  of  the 
earth  were  observed.  A  three  hour  exposure  of  the  pole  star  region 
gave  the  first  clue  as  to  its  presence;  a  special  camera  developed  in 
1957  confirmed  the  presence,  and  finally  the  instrument  named  the  "stelar 
seismometer"  was  built  and  provided  the  necessary  evidence  that  the 
vibrations  have  a  connection  with  earthquakes  in  general. 

The  stelar  seismometer  is  a  telescope  lens  of  long  focal  length, 
provided  with  a  recording  drum  having  a  speed  of  one  revolution  per 
minute,  and  a  photographic  film  of  great  speed.  Eastman  XXX  has 
been  used  in  the  later  respect.  The  records  show  a  normal  pattern 
which  vary  before,  during,  and  after  an  earthquake  occurs.  It  is 
emphasized  that  this  project  is  only  in  a  most  elementary  form  and 
much  remains  to  be  done  in  this  very  interesting  field  of  observational 
seismology. 


HISTORY  OF  SCIENCE 

Chairman:   Howard  H.  Michaud,  Purdue  University 
Stephen    Visher,    Indiana    University,   was   elected   chairman   for   1959 


Indiana's  Minerals  and  the  State's  Development 

Stephen  S.  Visher,  Indiana  University 

The  annual  value  of  the  output  of  minerals  in  Indiana  has  long 
been  greater  than  that  of  35  other  states,  greater  indeed  than  the 
combined  value  of  ten  other  states.  This  output  has  been  almost 
altogether  of  coal,  oil,  gas,  stone,  gravel,  sand,  and  clay,  as  Indiana 
has  produced  almost  no  metals. 

Minerals  have  played  an  important  role  in  the  development  of  the 
state,  although  production  was  small  in  the  pre-railway  era  (before 
1860).  Extensive  coal-mining  commenced  shortly  after  the  Civil  War, 
increasing  from  about  a  million  tons  in  1880  to  6  million  in  1900  and 
26  million  in  1920.  The  discovery  of  natural  gas  in  quantity  in  east- 
central  Indiana  in  1886  induced  a  great  boom  during  which  several 
former  rural  villages  became  industrial  cities.  Examples  are  Muncie, 
Marion,  Newcastle,  Alexandria,  Elwood,  and  Kokomo.  The  gas  sup- 
plies were  abundant  in  that  area  for  only  10  to  20  years,  after  which 
the  industries  which  had  developed  with  the  help  of  the  cheap  gas 
either  moved  away,  or  if  they  remained,  used  much  coal  and  oil. 

The  production  of  oil  in  the  north  east  central  gas-belt  reached  its 
height  in  1904,  with  a  production  of  11,000,000  barrels.  Indiana  lost 
its  place  as  one  of  the  leading  oil  producing  states  soon  after  1900, 
when  large  production  commenced  in  Texas,  California,  Oklahoma,  and 
elsewhere.  Oil  had  much  less  influence  in  Indiana  than  did  gas,  but 
it  helped  the  industrialization,  including  that  in  southwestern  Indiana, 
which  in  recent  years  has  yielded  more  oil  than  the  entire  state  produced 
in  1904. 

Stone  was  used  locally  even  while  Indiana  was  very  young,  but 
the  quarrying  of  considerable  amounts  of  Indiana's  famous  oolitic  lime- 
stone began  in  the  1880s  and  increased  rapidly  in  the  1890s.  Indiana 
obtained  first  rank  in  the  production  of  cut-stone  about  1900.  The 
Bloomington-Bedford  area  has  been,  since  soon  after  1900,  the  world's 
largest  producer  of  cut  building  stone. 

Crushed  limestone  commenced  to  be  used  when  the  making  of  macad- 
amized roads  and  of  concrete  was  introduced  in  the  1890s.  It  has  con- 
tinued to  expand  and  now  vastly  surpasses  in  value  the  cut  limestone. 
Limestone  was  used  for  the  making  of  some  lime  and  cement  earlier, 
but  it  became  important  in  the  1890s.  The  extensive  use  of  pulverized 
limestone  to  counteract  the  normally  excessive  acidity  of  Indiana's  soil 
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became  widely  important  in  the  1930s,  with  the  assistance  of  the  New 
Deal  government. 

Gravel  has  been  used  in  steadily  increasing  amounts  for  road- 
making,  commencing  in  the  1860s,  and  for  the  making  of  concrete  soon 
thereafter.  Indiana  is  fortunate  in  possessing  much  gravel.  Sand  has 
been  used  in  cement,  plaster  and  glass  since  the  1890s,  and  vast  quan- 
tities of  Indiana's  dune  sand  have  been  taken  to  Chicago  where  it  was 
used  to  elevate  the  railway  tracks,  as  well  as  for  construction. 

The  use  of  Indiana's  clay  for  the  production  of  brick  and  tile 
reached  sizable  proportions  in  the  1870s  and  1880s  when  extensive  areas 
of  Indiana's  almost  level  lands  commenced  to  be  tile-drained,  and  when 
the  cities  began  to  have  sewers.  Many  buildings  were  constructed 
partly  of  brick  after  about  1870,  and  some  roads  were  paved  with 
brick  in  the  early  1900s.  Indiana's  "fire  clay"  just  below  the  coal,  in 
Clay  county  especially  facilitated  the  development  of  a  specialized 
tile,  electric  wire  conduits  and  fire  brick  industry,  especially  near 
Brazil.  Huntingburg  developed  a  pottery  industry  early. 

A  small  amount  of  nearby  bog  iron  ore  influenced  the  location 
of  the  Studebaker  Brothers  wagon  plant  at  South  Bend  in  1852,  but 
the  strictly  limited  supplies  were  soon  supplemented  by  iron  ore 
brought  into  the  state. 

One  of  the  conspicuous  ways  in  which  minerals  have  affected 
the  development  of  Indiana  has  been  the  cheapness  with  which  iron 
ore  from  the  Lake  Superior  region  can  be  brought  on  Lake  Michigan 
to  Indiana  Harbor,  and  after  1906  to  Gary.  During  the  Civil  War  a 
small  amount  of  iron  was  made  from  iron  concretions  found  in  some 
sandstones  near  Terre  Haute.  It  was  used  especially  for  the  construction 
of  Civil  War  cannon  and  cannon  balls.  These  strictly  limited  supplies 
of  lowgrade  iron  ore  ceased  to  have  value  after  the  Lake  Superior 
supplies  became  available. 

In  the  1880s  and  1890s  and  to  a  lesser  degree  in  the  early  1900s 
Indiana's  supplies  of  mineral  waters  were  used  in  numerous  health 
resorts,  several  of  which  became  popular.  Martinsville  and  French  Lick 
were  especially  notable. 

Ordinary  water,  the  mineral  which  is  so  abundant  in  Indiana  that 
it  ordinarily  is  not  considered  to  be  a  mineral,  has  had  a  profound 
influence  on  the  development  of  the  state.  Most  early  homes  were 
located  near  a  spring  or  stream.  Villages  which  could  not  cheaply 
obtain  enough  good  water  failed  to  grow  into  cities.  Bodies  of  water 
in  streams  and  lakes  had  additional,  often  great  significance,  on  the 
development  of  Indiana. 

In  addition  to  the  minerals  already  mentioned  several  others  had 
significance  in  the  development  of  certain  Indiana  localities.  Some  sand- 
stones of  the  unglaciated  part  of  southern  Indiana  were  used  for  grind- 
stones. Some  mixtures  of  sand  and  clay  formed  an  exceptionally  good 
"moulding  sand."  Relatively  large  quantities  were  shipped  very  widely 
to  foundries  from  some  deposits  near  Martinsville.  Some  impure  lime- 
stones have  been  melted  and  made  into  rock-wool,  especially  along 
the  Upper  Wabash  Valley.   At  least  locally  in  Owen  County  a  limestone 
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has  been  used  as  a  flux  in  iron  blast  furnaces.  (Nearly  all  the  lime- 
stone used  in  the  steel  mills  of  Gary  comes  by  boat  from  Michigan.) 
Some  deposits  of  marl,  a  sort  of  lime-clay  layer  under  some  northern 
Indiana  lakes,  formerly  was  used  as  a  fertilizer.  Small  amounts  of  gold 
have  been  found  in  gravels  brought  from  Canada  by  ancient  glaciers. 
Nowhere  in  Indiana  has  enough  gold  been  found  to  be  profitably  mined, 
but  gold  caused  local  excitement  at  various  times  in  the  early  decades 
of  the  state's  history.  Diamonds,  the  mineral  most  valuable  per  ounce, 
have  also  been  found  occasionally  in  glacial  gravels,  more  than  100  of 
them  in  Indiana.  They  too  have  added  a  bit  of  excitement  in  gravel 
pits,  especially  a  short  distance  south  of  Indianapolis. 

Although,  as  already  remarked,  Indiana  has  produced  almost  no 
metals,  in  addition  to  the  iron  ore  brought  into  the  state,  also  significant 
have  been  the  large  amounts  of  zinc  and  copper  fabricated  here,  enroute 
from  western  mines  to  eastern  markets.  Tin  used  to  coat  steel  for 
tinplate  also  has  been  extensively  used  in  Indiana. 

Geological  surveys,  partly  by  sons  of  the  distinguished  Robert 
Owen  of  New  Harmony  fame,  were  made  early  in  Indiana  and  were 
of  educational  and  scientific  significance  although  little  affecting  the 
development  of  the  state. 


History   of   Science   Education   in  Indiana   High   Schools 

Howard  H.  Michaud,  Purdue  University 

The  high  school  course  of  study  before  1873  in  Indiana  was  pat- 
terned largely  after  the  college  curriculum  and  it  was  considered  prep- 
aratory to  college  work.  As  late  as  1868,  Barnabas  C.  Hobbs,  Superin- 
tendent of  Public  Instruction  said,  "a  uniform  system  of  common  schools 
should  imply  a  regular  gradation  from  the  primary,  through  the  inter- 
mediate or  grammar  to  the  high  school,  and  all  with  a  view  to  a 
system  of  professional  work  that  will  look  to  a  sufficient  preparatory 
course  in  all  respects  for  the  College  or  University." 

The  first  minimum  course  of  study  for  commissioning  Indiana 
High  Schools  was  established  in  1870.  Previous  to  that  time,  admission 
to  the  state's  colleges  and  universities  was  based  entirely  upon  exam- 
inations. The  eleventh  biennial  report  of  the  State  Superintendent 
of  Public  Instruction  for  the  year  ending  August  31,  1881  said  "In 
order  to  establish  a  more  intimate  relation  between  the  Common  School 
System  and  the  University  System  of  the  state,  the  State  Board  of 
Education,  in  connection  with  the  trustees  of  Indiana  University,  more 
than  ten  years  since,  formulated  a  minimum  course  of  study,  the  com- 
pletion of  which  would  admit  pupils  from  the  high  schools  of  the 
state  into  the  freshman  class  of  that  University.  Since  that  time,  the 
State  Board  of  Education  has  commissioned  each  year  all  those  high 
schools,  in  which  it  was  shown  that  there  were  classes  of  pupils  who 
could  complete  this  minimum  course  within  the  year." 

Thus  students  who  were  certified  to  have  completed  the  minimum 
course  of  study  by  the  local  Superintendent  of  Schools  were  admitted 
without  examination  to  both  Indiana  and  Purdue  Universities. 

The  prescribed  course  of  study  included  the  following  subjects: 
Reading,  Writing,  Orthography,  Geography,  English  Grammar,  Word 
Analysis,  United  States  History,  Physiology,  Arithmetic,  Elementary 
and  Higher  Algebra,  Geometry  (first  four  books),  Latin  Grammar,  Latin 
Reader,  Latin  Prose  Composition,  Caesar  (two  books),  and  Virgil  (two 
books). 

The  only  subjects  that  may  be  called  science  in  the  original  curricula 
of  the  high  school  were  geography  and  physiology.  The  mold  of  the 
high  school  training  was  primarily  in  the  classics  as  a  preparation  for 
college. 

In  spite  of  the  persisting  traditional  education  in  the  classics  of 
the  early  schools  of  the  state,  there  were  those  who  recognized  the 
need  for  science  instruction  at  least  two  decades  before  such  changes 
became  effective.  In  an  address  to  the  Indiana  State  Collegiate  Asso- 
ciation in  Indianapolis,  July  7-8,  1870,  B.  C.  Hobbs,  president  said, 
"Colleges  have  been  changing  their  educational  studies  almost  yearly, 
for  the  last  forty  years.  Since  geology,  botany,  chemistry,  mechanics, 
civil  engineering,  mining,  architecture,  navigation  and  many  other  sci- 
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ences  have  demanded  special  attention  in  our  colleges  something  must 
yield  that  their  claims  may  be  allowed." 

"Economy  and  necessity  are  compelling  the  colleges  to  modify  their 
curriculums.  A  scientific  course  is  now  made,  in  most  of  them,  the 
equivalent  of  the  classical,  and  the  regular  scientific  feels  that  he  has 
vantage  ground  by  the  change." 

President  Hobbs  discussed  the  difficulty  of  providing  Greek,  espe- 
cially in  the  secondary  schools,  and  complained  about  students  studying 
too  much  Latin  and  Greek  at  the  woeful  neglect  of  English.  It  was  a 
valiant  plea  to  replace  Latin  and  Greek  with  science  and  more  English. 

In  1885,  a  committee  of  the  State  Teacher's  Association  proposed 
a  Uniform  Course  of  Study  for  High  Schools.  The  four-year  course 
outlined  a  plan  of  study  that  included  twenty  percent  physical  science 
and  twenty  percent  languages.  The  sciences  that  could  be  offered  in 
the  eleventh  and  twelfth  year  were  physics,  chemistry,  botany,  zoology 
and  physical  geography. 

In  1892  the  State  Board  of  Education  arranged  two  suggested 
courses  of  study  for  commissioned  high  schools.  A  minimum  high  school 
course  of  three  years  required  two  terms  of  three  months  each  of 
physical  geography  and  three  terms  of  science.  The  four  year  program 
recommended  three  terms  each  of  physics  and  botany,  one  each  of 
chemistry  and  physiology,  and  two  terms  of  physical  geography.  Pupils 
were  required  to  take  four  subjects  per  term.  Each  year  was  divided 
into  three  three-month  terms  so  that  a  year  represented  thirty-six 
months  of  work,  i.e.,  twelve  three  month  periods. 

Some  substitution  of  subjects  was  allowable,  depending  upon  the 
quality  of  teachers,  so  it  was  probable  that  at  least  one  of  the  proposed 
sciences  could  be  omitted. 

Under  comments  relating  to  science  in  the  1892  report  of  the  State 
Superintendent  the  following  were  significant  as  to  the  thinking  of  sci- 
ence education  before  the  turn  of  the  century: 

"The  value  of  science  comes  from  direct  contact  of  the  pupils  with 
the  objects  and  processes  of  nature,  not  from  an  accumulation  of 
scientific  facts.  For  high  schools  with  three-year  programs  it  is  better 
to  take  only  one  of  the  sciences.  In  the  four-year's  course  take  those 
sciences  that  can  be  taught  best  under  the  circumstances. 

"In  physics,  little  can  be  done  in  less  than  one  year.  Two  terms  of 
the  year  should  be  devoted  to  textbook  work  and  experiments  by  the 
teacher.  Then,  spend  a  third  term  in  laboratory  work.  Quality,  rather 
than  the  amount  done,  should  be  considered  in  laboratory  work."  Simi- 
lar suggestions  were  made  for  the  study  of  chemistry. 

Comments  pertaining  to  botany  advised  to  "study  the  plants  them- 
selves. Plants  are  living  things  whose  manner  of  living  should  be 
studied,  and  there  are  hosts  of  low  forms  (lichens,  toadstools,  mosses, 
ferns,  etc.)  which  must  be  studied  to  gain  knowledge  of  the  botanical 
kingdom.  The  analysis  of  flowers  and  herbarium  collections  are  relatively 
unimportant."    Much  the  same  approach  was  recommended  for  zoology. 

Very  little  change  occurred  in  the  pattern  of  science  offered  in 
the   high   schools   until   after   1900.    The   industrial   development   of  the 
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state  and  the  need  for  skills  in  vocational  training  began  to  show  its 
effect.  The  twenty-second  biennial  report  of  the  State  Superintendent 
of  Public  Instruction  (1903-1904)  mentioned  that  "the  high  school  should 
be  made  a  finishing  school  instead  of  a  preparation  for  college.  Only- 
one  percent  of  our  pupils  complete  college  courses."  The  1906  report 
re-emphasized  the  above  and  suggested  that  the  curriculum  should  be 
related  to  the  needs  of  the  community  rather  than  a  preparation  for 
college. 

A  Uniform  Course  of  Study,  adopted  in  1907  by  the  State  Board 
of  Education,  established  sixteen  units  for  graduation  from  high  school. 
One  unit  of  natural  science  was  required.  The  change  in  the  science 
requirement  from  two  years  to  one  was  most  likely  an  attempt  to  fit 
the  program  to  the  needs  of  pupils  for  community  living  rather  than 
for  college  preparation.  However,  most  of  the  better  equipped  high 
schools  continued  to  offer  all  of  the  sciences. 

Bulletin  11  (1914-1915)  of  the  State  Department  of  Public  Instruc- 
tion in  describing  the  Uniform  Course  of  Study  for  High  School  showed 
a  continuation  of  the  pattern  for  general  education.  In  remarks  per- 
taining to  the  sciences  it  was  stated  that  "botany  should  be  presented 
with  reference  to  certain  fundamental  principles  that  can  be  worked 
out  and  comprehended  by  high  school  pupils  in  the  laboratory;  for 
no  doubt  much  harm  has  been  done  in  the  past,  both  to  the  science  and 
to  the  pupil,  by  attempting  to  make  the  work  correspond  more  nearly 
to  the  elementary  course  in  the  college  or  university." 

It  was  suggested  that  teachers  of  botany  and  zoology  should  secure 
through  the  Congressman  of  the  district  publications  of  the  Department 
of  Agriculture  on  noxious  plants,  and  beneficial  birds,  mammals  and 
insects,  and  reports  of  the  State  Entomologist. 

For  physics  it  was  advised  that  "the  course  should  emphasize 
the  explanation  of  natural  phenomena  in  a  manner  which  can  be 
appreciated  by  high  school  pupils  of  average  ability  and  the  course 
should  not  over-emphasize  the  mathematical  aspects  of  the  subject. 
Do    not    discourage    the    class    by    much    problem    solving." 

For  chemistry  the  aim  should  be  mainly  to  "secure  an  understand- 
ing of  the  fundamental  principles  and  the  development  of  powers  of 
observation,  deduction  and  expression."  Analytical  work  was  discour- 
aged unless  under  the  direction  of  an  exceptional  teacher.  Also,  it  was 
recommended  that  unless  high  schools  could  afford  fairly  good  equip- 
ment, it  would  be  better  not  to  teach  chemistry  at  all.  The  high  school 
should  not  expect  to  burden  the  teacher  with  spending  half  his  time 
devising  equipment. 

Little  change  is  indicated  in  the  type  of  science  offered  before 
1920.  Continued  attention  was  given  to  preparation  for  skills  in  the 
vocations  and  the  contributions  science  could  make  toward  that  goal. 
An  example  is  taken  from  Bulletin  30  (1917-1918)  of  the  State  Office 
of  Public  Instruction  concerning  the  teaching  of  physics.  The  topics 
are  indicative  of  our  industrial  progress  before  1920.  They  included 
machines,  heating  and  ventilation,  gas  engines,  velocity  of  sound,  steam 
engines,    telegraphy,    electrical    power    plants,    and    storage    batteries. 
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Teachers  were  encouraged  to  visit  local  industries  to  gain  information 
on  these  topics. 

Perhaps  the  best  contribution  and  stimulus  to  good  high  school 
science  teaching  up  to  this  time  was  made  by  the  committee  that  pre- 
pared the  Science  and  Mathematics  State  Course  of  Study  for  Secondary 
Schools  in  1923.  The  committee  was  composed  of  Dr.  A.  C.  Kinsey, 
Indiana  University,  Herbert  S.  Vorhees,  Fort  Wayne,  B.  B.  Horton, 
Anderson,  Charles  L.  Brosey,  Indianapolis,  and  E.  E.  Ramsey,  Terre 
Haute. 

The  committee  set  forth  a  list  of  well-defined  objectives  for  science 
teaching.  Emphasis  was  given  to  developing  scientific  attitude  and  spe- 
cial skills  through  direct  contact  with  the  materials  of  science.  Elaborate 
outlines  were  prepared  for  each  of  the  high  school  sciences  and  units 
in  biology  appeared  for  the  first  time. 

Bulletin  100  E  of  the  State  Office  of  Public  Instruction  entitled 
"Tentative  Courses  of  Study  in  General  Science,  Biology,  Physics  and 
Chemistry"  was  prepared  by  the  Department  of  Science  of  Indiana 
State  Teachers  College  and  was  published  in  1933.  Some  of  the  changing 
trends  in  science  were  indicated  as  follows:  (1)  In  biology  an  attempt 
was  made  to  strike  a  liberal  compromise  between  the  technical  point 
of  view  of  the  experimentalist  and  the  friendly  approach  of  the  natural- 
ist in  this  field,  (2)  In  physics  an  attempt  was  made  to  humanize  or 
socialize  the  subject  matter — to  create  interest,  (3)  Chemistry  showed 
a  trend  to  train  for  the  simple  questions  of  everyday  living  rather  than 
preparation  for  college.  An  educational  philosophy  for  training  the 
masses  was  beginning  to  show  a  strong  influence. 

In  summarizing  the  changes  that  occurred  in  science  education  in 
our  secondary  schools  during  the  sixty  year  period  from  1873  to  1933, 
several  developments  are  significant.  By  1885  it  was  becoming  apparent 
that  the  European  system  of  classical  education  was  not  suitable  for 
general  high  school  education,  nor  was  it  necessarily  the  only  valid 
passport  for  college  admission.  It  was  recognized  that  especially  science 
and  English  were  being  sacrificed  at  the  expense  of  Latin  and  Greek. 

Indiana,  as  well  as  most  other  states,  was  in  the  process  of  agri- 
cultural and  industrial  expansion.  Thus,  from  1900  to  1933,  the  two 
influences  that  contributed  most  to  the  changes  in  the  high  school 
science  programs  were  (1)  the  rapidly  expanding  industrial  development 
of  the  state,  and  (2)  the  increasing  number  of  high  school  students 
who  were  not  going  on  to  college.  The  expanding  use  of  power  and 
machines  in  the  home,  on  the  farm,  and  in  industry  called  for  better 
understanding  of  the  contributions  of  science. 

From  1933  to  1944,  science  education  expressed  largely  the  same 
type  of  development.  No  radical  changes  occurred,  but  continued  to 
parallel  the  growing  machine  age.  With  the  advent  of  World  War  II 
and  its  terrific  demand  for  new  scientific  achievements  in  competition 
with  the  German  and  Japanese  war  efforts  we  entered  a  new  phase  of 
scientific  education. 

A  comparison  of  the  outlines  for  teaching  science  in  1944  (Bulletin 
151)   and  1954   (Bulletin  217)   of  the  State  Office  of  Public  Instruction 
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distinctly  show  the  influence  of  the  recent  developments  of  the  atomic 
age.  This  is  especially  true  of  the  changes  appearing  in  the  physical 
sciences.  The  topics  of  gas  engines,  heating  and  ventilation,  steam  en- 
gines, telegraphy,  electrical  power  plants  and  storage  batteries  have 
been  modified  considerably  and  to  some  extent  replaced  by  radiation, 
nuclear  fission,  rockets,  jet-propulsion,  electronics  and  new  applications 
of  energy  fuels. 

The  problem  of  providing  an  adequate  science  education  to  the 
bulk  of  the  population  of  high  school  age  while  at  the  same  time 
preparing  the  scientifically  talented  children  for  college  is  a  real 
challenge  to  the  high  school  science  teacher  today.  The  Indianapolis 
high  schools  recently  established  a  two  year  requirement  in  science 
for  graduation — one  year  of  biological  and  one  year  of  physical  science. 
Numerous  other  schools  are  now  offering  four  years  of  high  school 
science,  primarily  to  provide  increased  science  opportunities  for  the 
gifted  student  and  as  a  preparation  for  college.  The  better  schools 
are  accepting  the  challenge  for  better  science  teaching  and  the  situation 
can  be  further  improved  through  the  combined  efforts  of  our  college 
scientists  and  high  school  teachers. 


History  of  the  Civilian  Conservation  Corps 

Daniel  DenUyl,  Purdue  University 

Twenty-five  years  have  passed  since  the  Civilian  Conservation  Corps 
was  initiated.  Today  it  is  almost  forgotten  even  though  the  roads, 
trails,  buildings  and  lakes,  constructed  by  the  C.C.C.  are  being  used 
in  forests,  parks  and  game  preserves.  There  are  comparatively  few 
people,  other  than  those  who  had  an  active  part  in  the  program,  who 
realize    the    many    contributions    made    to    forestry    and    conservation. 

The  events  of  World  War  II  completely  overshadowed  the  work 
of  the  C.C.C.  and  comparatively  little  has  been  written  about  its  activi- 
ties. 

The  Act  establishing  the  C.C.C.  was  passed  and  signed  by  President 
F.  D.  Roosevelt  on  March  31,  1933.  Although  it  was  primarily  a  work 
program,  an  emergency  measure  to  provide  employment  to  young  men, 
nevertheless  emphasis  was  placed  on  conservation  work.  Federal  agen- 
cies in  charge  of  the  program  were  Agriculture,  War,  Labor  and  Interior 
and  in  1936  the  Federal  Security  Agency.  The  plans  provided  for  200- 
man  work  camps  with  the  War  Department  responsible  for  housing  of 
men  and  camp  operation.  The  conservation  work  program  of  the  camps 
was  the  responsibility  of  the  U.  S.  Forest  Service.  They  shared  the 
work  program  with  the  States. 

Political  patronage  entered  the  C.C.C.  program.  One  had  to  be  on 
the  "Friant  List"  and  approved  by  "State  patronage"  in  order  to 
secure  some  of  the  non-technical  jobs.  However,  in  the  technical  field 
the  U.  S.  Forest  Service  insisted  that  technically  trained  men  be  em- 
ployed for  top  positions.  This  policy  was  generally  followed  and  political 
interference  was  reduced  to  a  minimum. 

In  Indiana,  R.  F.  Wilcox  provided  leadership  during  the  establish- 
ment and  early  years  of  the  C.C.C.  and  Conservation  Director  Virgil 
Simmons  was  an  ardent  supporter  of  the  programs. 

Unemployed  men  18  to  25  years  of  age  were  recruited  for  the 
camps  but  later  the  age  requirement  was  changed  to  17  to  23  years. 
The  men  were  paid  $30  per  month  of  which  $25  went  to  dependents. 

During  the  period  of  its  existence  from  March  31,  1933  to  June  30, 
1943  a  total  of  three  million  men  participated  in  its  activities.  At  its 
peak  there  were  2652  camps  with  520,000  men  engaged  in  the  work 
program.  There  were  150  major  work  projects  covering  the  areas  of 
Forestry,  Soil  Conservation,  Wildlife,  Recreation,  Flood  Control,  Range, 
Reclamation  and  Drainage. 

The  C.C.C.  was  nationwide  in  its  scope  and  the  program  carried 
out  in  Indiana  was  much  like  that  of  other  states.  Consequently  a 
summary  of  what  took  place  in  Indiana  will  illustrate  the  impact  of 
the  C.C.C.  on  forestry  and  conservation. 

Following  the  election  of  F.  D.  Roosevelt  as  President,  in  November, 
1932,  there  was  some  publicity  given  to  measures  that  were  to  be  used 
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to  provide  employment.  However,  no  specific  action  was  taken  until 
April,  1933  when  the  State  Foresters  were  asked  to  attend  a  meeting 
in  Washington,  D.  C.1  Indiana  was  represented  by  R.  F.  Wilcox,  State 
Forester.  At  this  meeting  Rexford  Tugwell,  the  president's  spokesman, 
briefly  outlined  the  Civilian  Conservation  Corps  organization.  The 
State  Foresters  were  told  that  the  program  was  to  begin  at  once;  that 
each  was  to  submit  plans  for  his  respective  State;  that  the  U.  S.  Forest 
Service  was  in  charge  of  the  work  program  to  be  shared  with  the 
cooperating  States.  This  all  came  as  a  complete  surprise  to  the  foresters. 
However,  with  the  assistance  of  Fred  Morrill  of  the  U.  S.  Forest  Service, 
tentative  plans  were  drawn  for  the  establishment  of  work  camps.  Wilcox 
requested  that  33  camps  be  set  up  in  Indiana.  Approval  of  this  action 
was  given  by  Governor  Paul  V.  McNutt  and  Conservation  Director  Virgil 
Simmons. 

One  unusual  move  was  made  by  R.  F.  Wilcox  when  he  contracted 
to  buy  all  the  available  black  locust  seed.  This  action  resulted  in  his 
obtaining  32,000  pounds  of  seed,  all  the  available  supply,  both  in  the 
United  States  and  Europe.  This  supply  of  seed  was  shared  with  agencies 
in  other  States  where  black  locust  was  used  for  planting. 

The  first  conservation  work  camps  to  be  established  in  Indiana 
were  on  the  Clark  and  Morgan  Monroe  State  Forests.  Before  the  close 
of  1933  there  were  19  camps  in  operation,  the  peak  being  reached  in 
1935  when  56  camps  were  operating.  There  were  forest,  park,  soil  ero- 
sion, game  preserve  and  drainage  camps  in  Indiana.  There  was  con- 
siderable controversy  over  the  establishment  of  drainage  camps  and 
many  conservationists  were  opposed  to  their  operation. 

The  work  of  the  Civilian  Conservation  Corps  was  done  on  both 
public  and  privately  owned  lands.  The  major  fields  of  activity  were 
protection  of  forests,  reforestation,  woodland  improvement,  construction 
of   buildings,   roads,   trails,   recreational   facilities,   ponds    and    lakes. 

As  the  program  progressed  changes  in  organization  took  place.  At 
first,  all  of  the  camps  were  under  the  supervision  of  the  State,  but  in 
1935  the  Soil  Erosion  camps  were  given  to  the  Soil  Conservation  Service. 
With  the  establishment  of  the  Hoosier  Purchase  Unit,  U.  S.  Forest 
Service  camps  were  set  up.  The  number  of  camps  varied  from  year  to 
year  and  as  the  national  preparedness  program  developed,  and  as 
business  activity  increased,  the  number  of  men  available  for  camps 
declined.  By  1940  some  camps  were  operating  with  limited  manpower 
while  others  were  closed.  Soon  after  World  War  II  began  most  of 
the  camps  were  closed,  while  some  were  used  as  prisoner  of  war  or 
conscientious  objector  camps.  Facilities  provided  by  the  C.C.C.  were 
also  used  for  war  training  purposes.  The  official  termination  of  the 
C.C.C.  took  place  on  June  30,  1943. 

The  direct  contributions  of  the  C.C.C.  program  are  as  follows: 

1.  It  gave  financial  aid  to  young  men. 

2.  It  provided  job  training  for  many  young  men. 

3.  It  stimulated  widespread  public  interest  in  conservation  of  for- 
ests, soil,  water  and  wildlife. 


From  personal  conversation  with  R.  F.  Wilcox. 
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4.  It  provided  camp  operation  experience  for  Army  reserve  officers. 

5.  It  provided  positions  for  foresters  and  other  technically  trained 
men. 

6.  A  large  number  of  worthwhile  work  projects  were  completed. 

Indirect  contributions  or  by-products  were:  the  establishment  of 
the  Soil  Conservation  Service;  purchase  of  7  million  acres  of  non- 
agricultural  land  by  the  U.  S.  Forest  Service,  one  new  purchase  unit 
being  the  Hoosier  National  Forest.  As  a  result  of  camp  locations  the 
following  new  State  Forests  were  established:  Green-Sullivan,  Francis 
Slocum,  Ferdinand,  Pike,  Salamonie,  and  Scales  Lake. 

The  effect  of  the  C.C.C.  on  forestry  activities  can  best  be  illustrated 
by  an  example. 

Reforestation  in  Indiana  was  progressing  slowly  until  the  advent 
of  the  C.C.C.  Forest  tree  nursery  facilities  expanded  rapidly  in  order 
to  provide  planting  stock  for  use  by  the  C.C.C.  A  large  supply  of  black 
locust  seed  was  available  and  so  millions  of  seedlings  were  soon  avail- 
able for  field  planting. 

Considered  to  be  an  all  purpose  tree,  black  locust  seedlings  were 
planted  on  every  site  from  severely  eroded  to  good  sites.  Seedlings 
were  planted  during  all  seasons  of  the  year.  Tests  were  made  on  site 
preparation,  methods  of  planting,  spacing  of  trees,  grades  of  planting 
stock,  fertilization  and  cultural  practices.  Consequently  thousands  of 
acres  on  which  millions  of  seedlings  were  planted  provided  large  scale 
tests  of  the  suitability  of  black  locust  for  reforestation. 

It  was  demonstrated  that  black  locust  was  not  an  all  purpose  tree, 
that  its  best  growth  occurred  on  good  sites  and  that  it  did  help  control 
soil  erosion.  Even  though  some  plantings  failed,  the  experience  gained 
has  been  carried  over  into  today's  reforestation  practice.  Under  ordi- 
nary conditions  no  such  widespread  testing  of  a  species  would  have 
been  done. 

Other  species  were  also  widely  planted  and  their  place  in  present 
day  reforestation  came  directly  as  a  result  of  plantings  made  by  the 
C.C.C.  Without  the  extensive  application  of  principles  and  practices 
in  use  during  the  period  of  the  C.C.C,  reforestation  would  not  be  occupy- 
ing the  place  that  it  does  today. 

A  history  of  science  would  not  be  complete  without  recording  that 
the  training  of  many  young  men  of  "one  depressed  generation"  places  the 
Civilian  Conservation  Corps  as  the  greatest  single  movement  that  has 
stimulated  and  influenced  forestry  and  conservation  practices,  education 
and  research. 
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A  History  of  the  Joseph  Moore  Museum  at  Earlham  College 
I.     Early  History 

Millard  S.  Markle,  Earlham  College 

Not  only  its  founder,  Joseph  Moore,  but  all  of  the  men  who  have 
been  responsible  for  the  development  of  the  Joseph  Moore  Museum 
have  been  active  members  of  the  Indiana  Academy  of  Science.  Joseph 
Moore  and  David  Worth  Dennis  were  charter  members. 

It  is  hard  to  fix  a  date  for  the  beginning  of  the  museum.  During 
the  first  forty  years  of  its  existence  practically  the  entire  program  of 
the  college  was  carried  on  in  Earlham  Hall,  which  only  last  year  was 
razed  to  make  way  for  a  more  modern  building.  In  old  Earlham  Hall 
was  a  small  room,  called  the  Cabinet,  where  natural  history  specimens 
were  kept  for  reference  and  display.  This  collection  was  constantly 
augmented  through  the  efforts  of  Joseph  Moore.  So  much  was  this 
aspect  of  his  work  appreciated  that  in  1887,  when  a  new  classroom 
building,  Lindley  Hall,  was  erected,  the  lower  floor  of  one  wing  was 
planned  especially  for  the  museum. 

The  museum  of  Earlham  College  has  always  been  considered  a 
part  of  its  educational  equipment,  as  well  as  a  means  of  extending 
a  knowledge  of  science  and  an  appreciation  of  nature  to  the  general 
public. 

Joseph  Moore  was  a  teacher  of  science  at  the  college,  1853-1865;  its 
president,  1868-1883;  professor  of  geology  and  curator  of  the  museum, 
1885-1905.  Entering  Earlham  College  as  a  student  in  the  spring  of 
1904,  I  remember  him  as  a  skull-capped  old  man,  working  away  among 
his  beloved  exhibits.  During  his  period  of  service  some  of  the  most 
valuable  specimens  were  obtained,  generally  through  his  personal  efforts. 
Among  these  were  the  most  spectacular  one,  the  mastodon,  Mastodono 
americanus  and  its  most  valuable  one,  the  giant  fossil  beaver,  Castor- 
oides  ohioensis.  Well  do  I  remember  the  effect  upon  me  as  I  entered 
the  museum  to  see  the  giant  mastodon,  beside  which  the  skeleton  of  a 
large  elephant,  salvaged  from  a  dead  pachyderm  from  a  visiting  circus, 
seemed  almost  a  pygmy.  Detailed  accounts  of  the  acquisition  of  the 
mastodon  and  beaver  may  be  found  in  the  following  publications:  Pro- 
ceedings of  the  Indiana  Academy  of  Science,  Vol.  6,  page  277  and  1900, 
page  171;  Journal  of  the  Cincinnati  Society  of  Natural  History,  Oct. 
1890;  American  Geologist,  Vol.  XII,  Aug.  1893. 

Joseph  Moore  died  in  July,  1905.  At  a  meeting  of  the  college  Board 
of  Trustees,  held  in  October  of  the  same  year,  it  was  agreed  that  the 
museum  should  be  named  in  his  honor. 

Before  the  death  of  Joseph  Moore,  Allen  D.  Hole  had  been  made 
professor  of  geology  and  curator  of  the  museum.  During  his  forty  years 
of  service,  much  valuable  material  was  added,  particularly  minerals  and 
fossils. 
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In  1924  occurred  the  disastrous  fire  which  destroyed  Lindley  Hall, 
which  housed  the  museum.  The  fire  had  gained  so  much  headway 
before  it  was  discovered  that  it  was  obviously  impossible  to  save  the 
building,  so  the  efforts  of  the  firemen  were  concentrated  on  the  Regis- 
trar's office  and  the  museum.  The  fire  was  kept  from  entering  the 
former,  so  precious  records  were  saved;  but  the  breaking  of  a  water- 
main  cut  off  the  supply  of  water  at  a  critical  moment,  so  the  fire  burned 
itself  out. 

Nevertheless,  an  astonishing  proportion  of  the  exhibits  were  saved. 
Gordon  Bowles,  '25,  a  senior,  knowing  the  great  value  of  the  fossil 
beaver,  then  the  only  skeleton  in  existence  in  any  museum,  broke  into 
the  museum  and  carried  the  beaver  to  safety.  The  mastodon  was,  of 
course,  too  large  to  move,  but  a  steel  beam  above  it  protected  it  from 
falling  roof-slates  and  other  objects  from  the  burned-out  chapel  above. 
Mineral  and  fossil  specimens  were  not  combustible  and  could  be  restored 
by  cleaning.  Most  of  the  bird-skins  and  mounted  birds  were  in  glass 
cases,  protected  by  a  balcony,  which  did  not  fall.  The  next  day  it  seemed 
almost  uncanny  to  look  thru  the  windows  of  a  gutted  building  and  see 
undamaged  bird-mounts,  sitting  in  museum  cases.  Among  them  were 
those  belonging  to  the  collection  presented  to  the  college  by  the  late 
Alden  Hadley,  a  former  student  of  David  Worth  Dennis  and  long  on 
the  staff  of  the  National  Audubon  Society.  His  collection,  consisting  of 
large  numbers  of  mounted  birds  and  study-skins,  now  forms  an  important 
part  of  the  ornithological  equipment  of  the  college.  Also  coming  thru 
the  fire  were  mounted  specimens  of  the  whooping  crane,  trumpeter  swan 
and  passenger  pigeon. 

Pending  the  erection  of  a  science  building,  which  was  expected  soon, 
but  not  realized  until  1952,  the  material  salvaged  from  the  museum 
was  stored  in  the  attic  of  Carpenter  Hall,  built  to  replace  the  burned 
Lindley  Hall.  Facilities  for  display  were  lacking,  so  for  sixteen  years 
the  museum  was  not  available  to  the  college  community  nor  to  the 
general  public.  The  many  inquiries  about  it  indicated  the  high  regard 
in  which  the  museum  had  been  held.  During  this  period  Allen  Hole 
did  much  work  in  the  restoration  of  specimens. 

Following  his  graduation  from  Earlham  College,  Gordon  Bowles 
returned  during  summer  vacations  to  work  on  the  restoration  of  the 
skeleton  of  the  mastodon,  patiently  piecing  together  the  broken  bones, 
so  that  when  28  years  later  it  was  possible  to  assemble  them  in  the 
new  museum,  they  were  in  excellent  condition. 

During  the  early  1940's,  working  with  limited  funds,  Millard  Markle, 
'10,  professor  of  biology,  made  a  beginning  in  the  arrangement  of  speci- 
mens, particularly  those  of  birds,  for  display  in  the  attic  of  Carpenter 
Hall,  in  anticipation  of  more  suitable  quarters  in  a  wing  of  a  new 
building,  to  be  named  David  Worth  Dennis  Hall  of  Science.  With  the 
coming  of  James  Cope  as  curator  in  1947,  restoration  was  vigorously 
carried  forward,  so  that  when  the  move  to  the  new  quarters  was  made 
in  1952,  an  excellent  display  of  specimens  was  possible  at  once. 


II.     Later  and  Present  History 

James  B.  Cope,  Curator,  Earlham  College 

When  I  was  placed  in  charge  of  the  museum  in  Carpenter  Hall  in 
1947,  I  acquired  the  old  accession  books,  which  listed  the  items  collected 
and  given  to  the  museum  for  many  years.  Some  of  these  items  had  been 
lost  in  the  fire,  new  things  had  been  acquired,  and  so  I  started  cataloging 
the  museum  contents  by  natural  groups.  Many  of  the  old  collections 
had  to  be  cleaned  and  sorted. 

Part  of  the  sorting  meant  separating  the  natural  history  collections 
from  the  ethnological  materials.  Much  of  the  biological  material  was 
put  into  condition  for  classroom  use  on  a  loan  basis.  I  and  several 
students  expanded  the  collection  of  mammals,  especially  those  of  the 
Richmond  area.  Some  mammals,  including  a  pair  of  flying  squirrels, 
were  mounted  and  made  into  small  habitat  scenes.  Additions  to  the 
Hadley  collection  of  birds  were  also  made. 

A  collection  of  live  snakes  was  also  begun.  It  has  been  increased 
with  specimens  given  by  townspeople,  students  and  alumni.  This  exhibit 
is  of  great  interest  to  all  visitors  to  the  museum.  In  the  new  museum  in 
1957,  a  large  octagonal  case,  with  places  for  seven  aquaria,  seven  large 
and  14  small  snake  cages,  was  built. 

The  first  of  many  visits  by  local  school  children  was  held  by  the 
museum  in  the  form  of  an  open  house  in  1949.  With  the  museum  in  its 
present  location,  as  a  wing  of  Dennis  Science  Hall,  visits  by  school 
and  club  groups  are  made  easier.  A  staff  of  student  guides  is  main- 
tained by  the  museum,  and  as  many  as  120  school  pupils  have  been  taken 
on  tours  in  a  day.  Many  teachers  prepare  their  pupils  for  the  trip  with 
a  list  of  questions  to  be  answered.  Others  combine  the  trip  with  a  letter 
writing  assignment.  Depending  upon  the  age  and  number  of  children 
in  the  visiting  group,  the  student  staff  may  prepare  a  program  of  museum 
tour,  natural  history  games,  and  a  motion  picture  or  demonstration. 

A  typical  letter  from  a  youngster  says  "I  thank  you  very  much 
for  letting  our  room  to  visit  Earlham  College.  I  liked  the  mastodon  best 
of  all.  Then  comes  the  snakes.  I  liked  the  green  snake  best.  It's  lots 
of  fun  to  look  at  things  that  you  never  have  seen  before.  Please  let 
the  assistants  that  showed  us  around  read  are  (sic)  letters  and  thank 
them  very  much." 

In  addition  to  tours,  Saturday  morning  classes  for  children  from 
third  grade  through  junior  high  school  have  been  popular.  Topics  range 
from  astronomy  through  chemistry,  Indian  lore,  bird  study,  physics  and 
rock  study  to  taxidermy.  The  program  usually  starts  with  a  short  talk 
or  motion  picture  on  a  natural  history  topic,  with  the  pupils  then 
dividing  into  small  groups.  Each  group  is  under  the  leadership  of  one 
or  two  Earlham  students.  Some  of  the  Earlham  students  have  been 
regular  members  of  the  museum  staff  and  others  have  been  recommended 
by  their  major  departments  as  qualified  for  the  teaching  experience. 
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The  museum  staff  which  supplements  me  and  my  part-time  assistant 
Gertrude  Ward,  consists  of  students  who  share  in  such  tasks  as  making 
exhibits,  taxidermy,  conducting  tours,  caring  for  live  animals,  and  greet- 
ing Sunday  afternoon  visitors  to  the  museum.  These  students  volunteer 
for  an  apprenticeship  of  one  semester.  During  this  time  they  are 
assigned  various  jobs  in  the  museum,  thereby  becoming  acquainted  with 
the  museum  program,  and  often  deciding  on  the  special  job  for  which 
they  are  best  suited. 

In  1952  the  museum  moved  into  the  Joseph  Moore  museum  wing  of 
the  new  David  Worth  Dennis  Science  Hall.  The  dedication  ceremony  in 
October,  1952,  was  highlighted  with  talks  by  many  outstanding  scientists, 
including  the  late  W.  Clyde  Allee,  '08,  from  the  University  of  Florida, 
C.  Bertrand  Schultz,  director  of  the  State  Museum  at  Lincoln,  Nebr., 
and  Armand  Spitz,  originator  of  the  Spitz  Planetarium.  An  honorary 
degree  was  awarded  to  the  late  Karl  P.  Schmidt,  chief  curator  of  Zoology 
of  the  Chicago  Natural  History  Museum. 

The  major  accomplishment  of  the  museum  staff  in  the  years  from 
1952  to  1955  was  the  erection  of  the  mastodon  skeleton.  First,  a  large 
scaffold  was  built  near  the  platform  where  the  mastodon  was  to  stand. 
Metal  supports  for  the  leg,  hip  bones  and  shoulder  blades  were  bent 
and  welded  into  place  as  patient  student  workers  fitted  and  refitted 
the  pieces.  Then  the  vertebrae  were  strung  onto  a  curved  iron  rod,  and 
fitted  into  position.  The  bones  had  been  moved  so  many  times  that  the 
ribs  were  no  longer  in  their  natural  order,  so  they  were  fitted  onto 
the  vertebrae  after  observation  of  other  mastodons  and  of  photographs. 

Placing  the  skull  in  position  was  a  milestone,  but  it  raised  the 
problem  of  tusks.  The  original  ivory  was  in  much  too  poor  condition 
to  put  in  place,  and  a  plaster  substitute  would  require  supports.  By 
this  time  there  were  two  major  support  rods  under  the  skeleton,  so  the 
staff  wanted  no  more  "plumbing"  than  necessary.  Several  substitutes 
were  tried,  without  success,  until  Laurence  Strong  of  the  Chemistry 
department  suggested  styrofoam  plastic  be  tried.  Short  columns  of  this 
lightweight  plastic  were  carefully  shaped,  then  glued  together  to  form 
curving  tusks.  One  plastic  tusk  weighs  only  four  pounds,  compared 
with  a  plaster  tusk  of  30  pounds.  Finally,  with  a  coat  of  paint,  and  an 
oak  platform  beneath  it,  the  mastodon  was  completed  in  time  for  Com- 
mencement, 1955. 

Although  exhibits  are  spectacular,  the  real  backbone  of  any  respected 
museum  lies  behind  the  scenes  which  the  public  normally  views.  These 
consist  of  the  valuable  study  collections  which  museum  curators  protect 
in  fireproof,  verminproof  cabinets. 

The  Joseph  Moore  Museum  is  no  exception  in  this  respect.  It  has 
been  a  tradition  since  the  days  of  Joseph  Moore's  influence  to  have 
collections  for  study  by  faculty,  students  and  interested  townspeople, 
as  well  as  for  exchange  with  authorities  at  other  institutions. 

Major  collections  of  the  college  museum  are  of  mammals,  birds, 
birds'  eggs,  reptiles,  amphibians,  fish,  shells,  insects,  other  invertebrates, 
and  plants.  These  collections  are  continually  growing  as  former  students 
and   other  friends,   one   in  particular,  Russell   Mumford,   of  the  college 
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contribute  specimens.  Especially  generous  among  students  have  been 
James  Fowler,  Robert  Lewis,  Richard  Myers,  and  Nixon  Wilson,  all  of 
the  Class  of  '52,  Carl  Isenberg  and  Charles  Thaeler  of  the  Class  of  '54, 
Fay  Schnell  and  Cam  Tiford,  class  of  '55  and  John  Bowles,  '56. 


MATHEMATICS 

Chairman:      Irving  Burr,  Purdue  University 
G.  N.  Wollen,  Purdue  University,  was  elected  chairman  for  1959 


ABSTRACTS 


Mathematical  Models  and  Statistics  in  Collision  Warning.  Judah  I. 
Rosenblatt,  Purdue  University. — When  two  high  speed  aircraft  are  in 
danger  of  colliding  it  is  essential  that  at  least  one  pilot  be  warned  in 
sufficient  time  to  avert  catastrophe.  Visual  observation  alone  has  been 
shown  ineffective.    Under  the  assumptions  that 

a)  Each  airplane  flies  a  constant  velocity  course 

b)  Distance  measurements  are  accurate  to  within  K  feet 

c)  Bearing  angle  measurement  errors  are  statistically  independent, 
normally  distributed,  mean  0  fixed  known  variance, 

a  simple  effective  test  of  the  hypothesis  that  the  two  airplanes  are  on 
a  collision  course  is  devised,  which  can  be  performed  by  machine. 
The  effect  of  certain  reasonable  violations  of  the  above  assumptions  on 
the  effectiveness  of  this  test  was  discussed. 

Report  on  the  13th  Annual  National  T.E.P.S.  Conference.  Charles 
Brumfield,  Ball  State  Teachers  College. — The  13th  Annual  National 
T.E.P.S.  (Teacher  Education  and  Professional  Standards)  Conference  was 
held  at  Bowling  Green  University  during  the  summer  of  1958.  This  con- 
ference was  attended  for  the  first  time,  by  large  numbers  of  acade- 
micians as  representatives  of  the  subject  matter  disciplines.  An 
atmosphere  of  cooperation  prevailed.  Similar  meetings  are  planned  by 
State  and  Regional  T.E.P.S.  bodies.  The  ultimate  aim  is  a  removal  of 
the  misunderstandings  that  have  damaged  relationships  between  groups 
of  professional  educators  and  subject-matter  associations.  It  is  hoped 
that  problems  of  teacher  training  and  certification  will  come  to  be  seen 
as  a  responsibility  of  the  entire  teaching  profession. 

The  Report  of  Indiana  School  and  College  Committee  on  Mathe- 
matics. J.  C.  Polley. — A  discussion  of  the  composition,  organization, 
purpose,  and  activities  of  the  committee,  headed  by  a  special  committee 
of  the  Indiana  Academy  of  Science  composed  of  J.  Crawford  Polley  of 
Wabash  College,  chairman,  Glen  D.  Vannatta  of  Broad  Ripple  High 
School,  Indianapolis,  co-chairman,  and  Gerhardt  N.  Wollan  of  Purdue 
University,  executive  secretary.  The  membership  at  large  is  composed 
of  representatives  of  the  colleges  and  universities  of  Indiana,  an  approxi- 
mately equal  number  of  representatives  of  elementary  and  secondary 
schools  in  the  state,  and  representatives  of  various  state  educational 
associations  connected  with  teaching.  The  purpose  of  the  committee  is 
to  study  the  teaching  and  course  content  of  courses  in  mathematics  in 
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schools  throughout  the  state,  elementary  to  junior  college  level  inclusive, 
and  on  the  basis  of  this  study  to  recommend  and  promote  changes 
designed  to  improve  the  teaching  of  the  subject.  A  ways  and  means 
committee  had  been  appointed  to  seek  funds  to  support  the  activities 
of  the  committee,  and  a  curriculum  committee  to  make  the  preliminary 
study  of  existing  curricula.  Among  proposed  activities  are  the  promotion 
of  lecture  series  to  be  sponsored  by  colleges  to  which  teachers  of 
mathematics  in  the  local  area  of  each  college  would  be  invited;  the 
organization  of  in-service  institutes  for  mathematics  teachers,  centered 
at  various  colleges,  with  weekly  sessions  during  the  school  year;  and 
summer  institutes  for  mathematics  teachers  in  Indiana  schools. 

Panel  Discussion  of  Proposals  of  the  M.A.A.  Committee  on  the 
Undergraduate  Program.  Charles  Brumfiel,  Ball  State  Teachers  Col- 
lege.— A  brief  description  of  the  content  of  Universal  Mathematics  was 
presented  with  the  remarks  that  the  speaker  approved  of  the  modern 
treatment  of  functions  and  relations,  set  theoretic  topics,  vectors  in 
analytic  geometry,  the  processes  of  mathematical  abstraction  and  the  like. 

Melvin  Henriksen,  Purdue  University. — The  author  supported  the 
CUP  program  for  the  following  reasons: 

(1)  The  universality  of  the  first  year  of  the  program  allows  the 
student  to  postpone  for  a  year  fundamental  decisions  about  mathematics 
which,  in  general,  he  is  not  prepared  to  make  as  an  entering  freshman. 

(2)  The  fact  that  the  portion  of  the  program  designed  for  future 
engineers  and   scientists   is   calculus   oriented  makes   it  easier  to  teach. 

(3)  Fundamental  concepts  are  defined  carefully,  thereby  making  it 
feasible  to  hope  that  the  student  completing  the  program  will  have  some 
idea  of  what  mathematics  is.  The  author  feels  that  the  classical  way 
of  teaching  the  first  two  years  of  mathematics  is  a  failure  for  all  but 
a  small  minority  of  the  students  that  we  handle — precisely  because  we 
expect  them  to  absorb  fundamental  concepts  by  osmosis. 

Donald  J.  Lewis,  Notre  Dame  University. — 1.  The  C.U.P.  curricu- 
lum appears  to  be  designed  from  a  technicians  rather  than  a  liberal 
arts  viewpoint.  Their  courses  are  designed  to  acquaint  the  student 
with  the  language  of  mathematics  and  with  some  aspects  of  the  subject 
that  have  immediate  application.  Such  an  approach  may  be  necessary 
for  the  majority  of  students,  but  it  is  dubious  that  it  leads  to  a  true 
understanding  and  love  of  mathematics.  In  no  area  do  the  courses 
delve  deeply,  rather  they  skim  the  surface  of  many  topics.  Thus  the 
student  encounters  a  large  vocabulary  but  fails  to  appreciate  its  need, 
e.g.,  the  discussion  of  algebra. 

2.  The  principle  of  a  universal  course  must  be  questioned  since 
students  have  varying  immediate  and  long  range  needs  as  well  as 
varying  abilities.  This  critic  doubts  that  Calculus  I  will  satisfy  the 
needs  and  demands  of  most  Engineering  Schools. 

3.  The  emphasis  on  the  use  of  tables  may  short  change  the  serious 
student  later.  Calculations  have  not  vanished  from  mathematical  re- 
search and  the  failure  to  expose  the  student  to  the  various  techniques 
such  as  substitution  may  severely  handicap  him  later. 
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4.  One  must  question  if  anyone  presently  knows  what  mathematics 
the  social  scientists  need.  The  social  sciences  are  just  beginning  to 
be  mathematized  and  hence  need  imaginative  people  well  versed  in  all 
branches  of  mathematics,  who  can  create  the  mathematics  which  is 
needed.  For  the  time  being,  the  majority  of  social  science  students  will 
be  better  served  by  a  good  course  in  statistics  and  estimation  theory 
than  they  will  be  by  the  C.U.P.  program. 

George  Whaples,  Indiana  University. — He  contended  that  a  uni- 
versal course  for  all  students  taking  mathematics  would  waste  the  time 
of  the  better  students  and  discourage  them.  He  prefers  a  combination 
of  entering  courses  (with  adequate  provision  for  changing  from  one  to 
another)  for  students  of  varying  high  school  preparation  and  interests 
(physical  science  or  social  science)  such  as  is  now  being  tried  at  Indiana 
University. 


PLANT  TAXONOMY 

Chairman:     Marion  Hall,  Butler  University 

Scott  McCoy,  Arsenal  Technical  Schools,  Indianapolis,  was  elected 

chairman  for  1959 


ABSTRACTS 


Cynanchum  nigrum  (L.)  Pers.,  a  New  Record  for  Indiana.  Scott 
McCoy,    Arsenal   Technical    Schools,    Indianapolis. — In    the    summer   of 

1957,  the  species  was  found  growing-  in  several  yards  near  3543  N. 
Kenwood.  The  neighbor  said  that  this  kind  of  plant  had  been  a  trouble- 
some weed  for  years.    Specimens  were  given  to  several  herbaria. 

J  A  Red  Oak-Black  Oak  Hybrid.  Scott  McCoy,  Arsenal  Technical 
Schools,  Indianapolis. — A  comparison  has  been  made  of  certain  characters 
of  the  Red  and  Black  Oak  group.  An  oak  tree  the  author  knows  has 
distinctive  acorns  of  the  Red  Oak,  but  the  buds  are  very  wooly.  An- 
other tree  has  the  leaves  and  acorns  of  the  Black  Oak  but  the  buds 
are  like  those  of  the  Red  Oak. 

Preliminary  Studies  of  Desmodium  Populations  in  Southern  Indiana. 

Jack  E.  Humbles,  Indiana  University. — During  the  falls  of  1957  and 

1958,  two  large,  mixed  populations  of  Desmodium  have  been  studied. 
One  population  from  Lilly  Forest,  near  Nashville,  includes  eight  species : 
D.  nudiflorum  (L.)  DC,  D.  rotundifolium  DC,  D.  ciliare  (Muhl.)  DC, 
Lh  marilandicum  (L.)  DC,  D.  cuspidatum  (Muhl.)  Loud.,  D.  Nuttallii 
(Schindl.)  Schub.,  D.  paniculatum  (L.)  DC,  and  D.  laevigatum  (Nutt.) 
DC.  In  Bradford  Woods,  near  Martinsville,  are  found:  D.  nudiflorum  (L.) 
DC,  D.  marilandicum  (L.)  DC,  D.  paniculatum  (L.)  DC,  and  D.  ses- 
silifolium  (Torr.),  T.  &  G.  Although  the  evidence  is  not  yet  conclusive, 
it  appears  that  interspecific  hybridization  may  account  for  some  of  the 
variation  encountered  in  this  genus  even  though  the  species  are  largely 
self-pollinating. 

New  Hybrids  from  Indiana.  Charles  B.  Heiser,  Jr.,  Indiana  Uni- 
versity.— New  hybrids  in  Verbena,  Aster,  and  Solidago  are  described. 
The  previous  work  on  Helianthus  hybrids  now  known  from  Indiana,  ten 
in  all,  is  summarized.  The  great  frequency  of  hybrids  in  Indiana  is  not 
unexpected  in  view  of  the  fact  that  practically  all  habitats  are  disturbed 
in  various  degrees.  The  nomenclature  of  hybrids  is  discussed,  and  it  is 
concluded  that  it  is  best  to  designate  hybrids  by  formulae  rather  than 
by  distinct  names. 
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A  New  Species  of  Honey  Locust 

Scott  McCoy,  Arsenal  Technical  Schools,  Indianapolis 

While  on  a  plant  collecting  trip  October  9,  1937,  I  discovered  a 
Gleditsia,  unlike  any  I  had  ever  seen  before.  The  tree  was  about 
twenty  feet  tall,  had  a  spread  of  about  thirty-two  feet  and  about  fifteen 
inches  breast  high  (DBH).  The  tree  was  standing  alone  in  an  old 
fence  row.  After  returning  home  I  wrote  to  the  owner  of  the  land 
asking  him  to  protect  the  tree,  but  he  had  cut  it  before  receiving  my 
letter.  Dr.  Chas.  C.  Deam  realized  that  the  tree  was  different  from 
any  he  had  ever  seen  and  sent  a  specimen  to  Dr.  Ernest  J.  Palmer 
of  Harvard  University.  He  thought  that  my  specimen  was  similar  to 
Deam's  specimen  no.  56897  and  wrote  to  Dr.  Deam  as  follows: 

"The  Gleditsia  fruit  collected  by  Scott  McCoy  in  Knox  County, 
Indiana,  certainly  looks  very  distinct  from  that  of  G.  triacanthos  in 
the  narrower  pod,  firm  and  untwisted,  and  in  the  smaller,  relatively 
thicker,  light  brown  seeds,  without  the  gummy  pulp  of  the  Honey  Locust. 
So  far  as  the  pubescence  of  the  pod  is  concerned,  I  do  not  think  it 
very  significant;  for  while  the  mature  pods  of  G.  triacanthos  are  usually 
quite  glabrous  and  even  shiny,  they  are  pubescent  in  most  cases  while 
young  and  until  they  become  dry  in  the  fall.  On  a  good  many  specimens 
I  find  some  fine  pubescence  still  on  the  old  pods  where  it  has  been 
protected  from  friction  in  wrinkles  and  depressions.  I  almost  think 
someone  would  be  justified  in  describing  this  as  a  new  species  if  he 
had  flowers  and  complete  material  for  a  description.  The  flowers  of 
course  might  not  show  any  distinctive  character,  but  there  is  also  a 
possibility  that  they  would;  and  they  should  be  examined  at  any  rate.  I 
am  wondering  whether  there  might  not  be  both  an  armed  and  unarmed 
form  of  this,  as  there  certainly  is  of  the  true  G.  triacanthos.  Mr. 
McCoy's  specimen  is  certainly  the  same  thing  as  your  no.  56897  from 
Gibson  County." 

The  Deam  speciment  no.  56897  was  borrowed  from  Indiana  Univer- 
sity, along  with  other  specimens  collected  in  the  general  locality  in 
Gibson  County;  Sargent's  specimens  of  G.  texensis  were  also  borrowed 
from  Harvard  University.  None  of  these  was  similar  to  the  specimen 
I  found  in  Knox  County,  Indiana.  On  a  recent  trip  I  searched  the  terri- 
tory around  the  place  where  the  original  tree  had  been  and  found  two 
small  trees  but  neither  had  fruited  as  yet. 

Believing  that  this  collection  is  unique  I  feel  justified  in  describing 
it  as  a  species  new  to  science:    Gleditsia  hebecarpa  S.  McCoy  sp.  nov. 

Tree,  about  twenty  feet  tall  and  fifteen  inches  in  diameter  at 
breast  height.  Leaves  and  arming  similar  to  G.  triacanthos  L.  Flowers 
unknown.  Legumes  flat,  linear,  curved,  about  2  cm.  wide  and  15  or  16 
cm.  long,  finely  and  rather  densely  soft-pubescent,  lacking  internal  pulp; 
seeds  oval,  plump,  819  mm.  long. 

Distribution:  Known  only  from  type  locality. 

Type:  High  sandy  soil,  Knox  County,  Indiana,  Oct.  9,  1937,  Scott 
McCoy  4723  (hb.  DPU) 
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Type  specimen  (Jleditsia  hebecarpa  McCoy. 

Differens  a  Gleditsia  triacanthos  aeqqa,  sine  pulpa,  densius 
pubescentia  dua  cm.  latitudine  quindecim — sedecim  cm.  longitudine, 
semines  ovales,  octo — novem  mm.  longitudine. 
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The  Nuclear  States  in  the  RaE  /3-Decay.  Neal  Newby,  Jr.  and  E.  J. 
Konopinski,  Indiana  University. — It  is  shown  that  the  /3-transforming 
neutron  of  B'JI"  most  probably  has  an  iu/2  character,  despite  a  g9/2 
character  of  the  ground  state  neutron  in  Pb200.  This  makes  a  critical 
difference  to  the  RaE  spectrum  parameter,  £'  =  i<r>/<>  x  r>,  yielding 
£'  «  +  1  rather  than  £'  ?«  — 1/10.  The  effect  of  configuration  mixing 
is  also  investigated  and  seems  able  to  reduce  £'  no  lower  than  to  0.92. 

To  arrive  at  the  above  conclusion,  it  is  necessary  to  show  that  the 
neutron-proton  attraction  in  the  (h»/2  in/_<)i  state  is  the  large  amount, 
840  kev,  greater  than  in  the  (h.,/,  gJ-,)„  state.  The  resulting  shell-model 
problem  has  interest  independent  of  the  /3-theory  application  which  was 
the  primary  objective  of  this  work.  True  and  Ford  had  found  that  two 
neutrons  extra  to  the  doubly-magic  core,  Pb"08,  as  against  nucleons  deep 
in  the  core  matter,  interact  with  about  the  same  strength  and  range 
of  force  as  do  two  free  nucleons.  The  problem  here  checks  the  extension 
of  that  important  finding  to  neutron-proton  and  proton-proton  pairs. 
The  force  strength  is  consequently  not  used  as  an  adjustable  parameter, 
as  it  has  been  in  previous  approaches  to  such  problems. 

The  True-Ford  problem  involved  only  singlet,  central  forces  between 
like  nucleons  in  an  essential  way.  The  RaE  daughter,  PoJ1",  investigated 
here,  has  only  coulomb  repulsion  superposed.  The  resultant  comparison 
with  experiments  is  about  as  good  as  that  obtained  by  True  and  Ford. 

The  extension  to  the  neutron-proton  pair  of  Br1"  is  far  more  com- 
plex, since  triplet  forces,  an  exchange  character,  and  non-central  forces, 
may  now  come  into  play.  We  find  that  the  finite-range,  central  forces 
alone  cannot  give  substantially  more  attraction  in  the  (ho/2  in/i>)i  state 
than  in  (h9/2  go/ 2)0.  Even  using  the  strength  as  a  parameter  cannot  help 
significantly.  However,  the  tensor  forces  produce  attraction  in  the  former 
and  repulsion  in  the  latter  state.  Hence,  the  two-body  forces  must  be 
imitated  even  in  this  detail  in  order  to  yield  an  explanation  of  the  RaE 
level  scheme.  This  is  unfortunate  for  quantitative  results,  because  the 
strength  of  the  two-body  tensor  force  has  never  been  determined  un- 
ambiguously. 

Our  final  conclusion  is  that  the  two-body  neutron-proton  force  may 
be  well  represented  by  O-range  forces  of  the  same  volume  energy  as 
found  experimentally.  Tensor  effects  vanish  identically  in  this  limit  and 
so  an  unambiguous  representation  of  the  strength  can  be  obtained.  The 
results  for  the  relative  position  of  the  J  =  0  and  1  states,  used  as 
the   test   above,   now   turn    out   in    almost    perfect   agreement   with   the 
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observations.  Configuration  mixing  plays  a  role  in  this  result,  and,  in 
consequence,  the  work  includes  a  generalization  of  DeShalit's  formulas, 
for  the  interaction  energies  with  O-range  forces,  to  non-diagonal  matrix 
elements. 

Disintegration  of  I11  and  I123.  Allan  C.  G.  Mitchell,  Jose  0.  Juli- 
ano,  Charles  B.  Creager  and  C.  W.  Kocher,  Indiana  University. — This 
disintegration  of  I124  (4. 2d)  has  been  studied  with  the  help  of  magnetic 
spectrometers  and  scintillation  spectrometers.  This  disintegration  occurs 
71%  by  electron  capture  and  29%  by  positron  emission.  Three  positron 
groups  were  found  having  end-point  energies  of  2130  (46.0%),  1531 
(46.4%)  and  786  (7.5%)  kev.  The  most  energetic  positron  group  has  a 
shape  characteristic  of  A  I  =  ±  2,  yes.  Positron-gamma  coincidence 
experiments  show  that  this  group  goes  to  the  ground  state.  Gamma  rays 
of  energies  2700,  2300,  2100,  1700,  1520,  1350,  723  and  603  kev  together 
with  annihilation  radiation  and  Te  K  X-rays  have  been  found  and  the 
relative  intensities  measured.  A  distintegration  scheme,  consistent  with 
the  levels  of  Te,L1  as  determined  from  the  decay  of  Sb'L1,  has  been 
established.  No  beta  rays  were  found  showing  that  a  transition  of  Xe'"1 
is  highly  improbable.  The  former  work  on  I1-3  (13.5  hours)1  has  been 
substantiated  and,  in  addition,  it  seems  highly  unlikely  that  any  positrons 
are  emitted  from  I123. 

The  Disintegraton  of  Iron-52  and  Iron-53.  Jose  O.  Juliano,  C.  W. 
Kocher,  T.  D.  Nainan  and  Allan  C.  G.  Mitchell,  Indiana  University. — 
The  disintegration  of  Fe5-  (8.2  hours)  and  Fe53  (8.9  min.)  has  been 
investigated  with  the  help  of  scintillation  and  coincidence  counting  equip- 
ment. Fer'2  decays  56.5  per  cent  by  positron  emission  and  43.5  per  cent  by 
electron  capture.  The  end-point  energy  of  the  positron  group  is  0.804  ± 
0.01  Mev.  This  is  followed  by  a  gamma  ray  of  energy  165  kev  leading 
to  Mn5-'"  (21  min.).  The  chain  Fe52  — >  Mn62  — *  Cr62  has  been  studied.  In 
addition  to  the  well  known  states  of  Mn62 — the  ground  state,  with  char- 
acter 6  +  and  half -life  of  5.7  days,  and  the  first  excited  state  (Mnr'-'m), 
with  character  2  +>  half -life  of  21  min.,  and  energy  of  390  kev — these 
experiments  show  a  third  excited  state  at  555  kev  having  a  configuration 
0+  and  a  half-life  of  1.2  ±  0.2  x  10  *  sec.  The  disintegration  of  Fer'3  is 
accompanied  by  the  emission  of  a  gamma  ray  of  energy  380  kev  and 
positron  groups  of  end-point  energies  2.84  ±  0.10,  2.38  ±  0.10  Mev,  and 
an  indication  of  a  third  group  at  1.57  ±  0.15  Mev. 

Spectroscopic  Applications  of  Atomic  Beams.  V.  Kaufman  and 
K.  W.  Meissner,  Purdue  University. — Atomic  beams  in  absorption  and 
emission  have  played  an  important  role  in  spectroscopic  investigations 
of  high  precision  spectroscopy,  especially  in  problems  concerning  fine 
and  hyperfine  structure  of  spectral  lines.  Numerous  investigations  have 
been  carried  out  with  atomic  beams  excited  by  electron  impact  and 
observed  perpendicularly  to  the  direction  of  flight  of  the  atoms. 

This  suggests  that  such  a  source  would  be  ideal  as  the  future 
primary  standard  of  wavelength  and  length  itself.  To  prove  this  and 
to  arouse  the  interest  of  metrologists  in  atomic  beam  sources,  experi- 
ments have  been   carried   out  with  an  atomic  beam  of  calcium.    These 
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investigations  show  definitely  that  atomic  beam  sources  are  superior  to 
all  other  sources  with  regard  to  sharpness  of  the  emitted  radiation.  The 
latest  experiments,  regarding  the  limit  of  interference  ("coherence 
length")  of  the  radiation  \  4226  A  of  a  calcium  beam  source,  showed 
that  at  path  differences  of  1.3  meter,  corresponding  to  an  order  number 
of  over  3  million,  distinct  interference  fringes  can  be  observed.  This 
must  be  compared  with  the  order  of  1.32  million  obtainable  with  the 
best  krypton  line,  A.  6057  A,  produced  in  a  hot  cathode  discharge  tube 
which  is  filled  with  the  krypton  isotope  Kr8G  and  cooled  to  the  triple  point 
of  nitrogen,  63°K.  This  line  has  been  recommended  by  the  Committee 
on  Redefining  the  Meter  as  the  future  primary  standard  of  length. 

Measurements  with  a  Slotted  Line.  M.  E.  Hayes  and  A.  D.  Hummel, 
Ball  State  Teachers  College. — This  paper  is  concerned  primarily  with 
the  educational  aspects  of  the  Slotted  Line  in  the  physics  laboratory. 
This  piece  of  equipment  is  basically  a  length  of  coaxial  line  with  a 
longitudinal  slot  cut  in  it  for  the  purpose  of  inserting  a  sampling  probe. 
When  UHF  electromagnetic  waves  are  fed  into  this  line  and  a  load  is 
connected  to  receive  this  energy,  the  field  strength  of  the  waves  may 
be  determined  at  any  point  by  an  indicating  instrument  connected  to 
the  traveling  probe.  If  the  load  does  not  absorb  all  of  the  energy  it  is 
receiving,  it  will  reflect  part  of  the  energy  back  through  the  line  and 
thus  produce  standing-waves  which  may  then  be  measured.  The  wave- 
length of  the  waves  may  be  measured  directly,  and  the  voltage  standing- 
wave  ratio  (the  ratio  of  the  maximum  to  the  minimum  voltage  along 
the  line)  and  the  impedance  of  the  load  may  be  calculated. 

It  is  suggested  that  this  equipment  could  be  of  considerable  value 
in  undergraduate  physics  courses  through  the  utilization  of  the  simpler 
aspects  of  standing-waves  and  their  measurement. 
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Multiple  Tone-Pattern  Discrimination.  Harrison  E.  McKay,  Purdue 
University. — The  administration  of  a  new  form  of  auditory  ability  test, 
to  76  college  students,  is  described.  The  task  presented  requires  the 
subject  to  determine  the  direction  of  movement  of  seven-note  melodies 
when  two  or  three  are  presented  simultaneously.  The  ability  to  do  the 
task  is  correlated  significantly  with  the  Seashore  measures  of  pitch  and 
tonal  memory,  a  nonverbal  intelligence  test,  and  musical  experience. 
When  these  four  measures  are  used  as  predictors  in  a  multiple  regres- 
sion equation,  the  resulting  correlation  with  the  tone-pattern  test 
reaches  0.79.  Little  is  known  about  the  perceptual  operations  humans 
undergo  when  attempting  to  hear  complex  multiple  patterns  of  sounds 
as  they  normally  occur.  This  new  test,  the  Tone-Pattern  Discrimination 
Test,  appears  to  be  a  reliable  index  of  the  complex  function  it  measures. 

Scaling  of  Sensory  Strength  Through  Reaction  Time.  Vidkunn 
Coucheron  Jarl,  Norwegian  Armed  Forces  and  Indiana  University. — 
Although  Cattell  as  early  as  1902  suggested  latency  of  response  as  an 
alternative  measure  of  differences  in  perceived  intensity,  this  method 
has  not  been  fully  exploited,  and  the  few  attempts  made  have  met  with 
limited  success.  Direct  scaling  through  simple  reaction  time  (RT)  pre- 
supposes a  marked  and  dependable  relationship  between  speed  of 
response  and  intensity  of  stimulus  (I).  Results  of  methods  based  on 
frequency  of  response  lead  us  to  expect  something  like  an  inverse 
straight  line  relationship  between  RT  and  log  I,  at  least  within  the 
middle  range  of  stimulus  strength.  Yet  most  of  the  major  studies  have 
obtained  a  hyperbolic  curve  which  flattens  out  rather  sharply  at  very 
low  values  of  I  (1-2  log  units  above  threshold),  with  very  small  changes 
in  RT  above  this  point.  Results  will  be  reported  which  are  at  variance 
with  these  findings  but  in  agreement  with  the  expectation  mentioned, 
and  evidence  will  be  presented  in  favor  of  a  change  in  the  procedure  for 
investigating  sensory  strength  through  speed  of  response. 

The    Effect    of    Induced    Muscular    Tension    on    Learning.     K.    M. 

Michels  and  Ronald  F.  Johnson,  Purdue  University. — The  permanent 
effects  of  induced  muscular  tension  on  the  learning  of  lists  of  paired 
associates  were  investigated  using  30  male  college  students  between 
the  ages  of  18  and  24.  Recent  neurophysiological  evidence  assumes  that 
the  motor  system  has  no  permanent  effect  on  modifications  in  the 
central  nervous  system,  but  several  studies  demonstrated  that  induced 
muscular  tension  has   some  effect  on  learning.    The   experiment  called 
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for  learning  and  recall  under  various  combinations  of  three  tension 
conditions:  Relaxed  Vs  and  %  maximum  grip  on  a  hand  dynamometer. 
A  rest  period  of  thirty  minutes  fell  between  the  learning  and  the  recall. 
Each  subject  participated  in  three  of  the  possible  nine  combinations  of 
tension  conditions.  A  replicated  3x3  Graeco-Latin  square  design  was 
used,  and  in  the  analyses  of  variance,  highly  significant  F  ratios  were 
noted  for  the  tension  conditions.  This  was  perhaps  due  in  part  to  a 
breakdown  in  performance  under  the  maximum  tension  conditions. 
Subsequent  analysis  of  the  means  of  scores  under  the  various  combina- 
tions of  tensions  showed  that  those  subjects  who  learned  under  Vs  tension 
recalled  significantly  better  than  those  who  learned  while  relaxed.  The 
results  of  this  experiment  suggest  that  the  motor  system  is  involved 
in  the  modification  which  takes  place  in  the  central  nervous  system 
during  learning.  This  can  perhaps  be  explained  by  an  interaction  of 
simultaneous  responses  at  various  cortical  levels. 

A  Comparison  of  Gastro-intestinal  Tract  Activity  of  Normals  and 
Two  Types  of  Psychotics.  Loraze  Garafolo  and  R.  C.  Davis,  Indiana 
University. — The  relation  between  general  activity  level  of  the  S  and 
activity  of  the  gastro-intestinal  tract  as  recorded  by  surface  electrodes 
was  investigated  by  comparing  the  records  of  hyperactive  and  hypo- 
active  psychotics  and  normals  during  rest  and  in  response  to  a  light 
stimulus.  It  was  concluded  that  a  relationship  between  gross  motor 
behaviour  and  gastro-intestinal  activity  is  demonstrated  by  latency  of 
the  primary  response  for  all  trials,  and  by  mean  amplitude  and  stimulus 
response  for  naive  Ss. 

The  Interaction  of  Time  and  Duration  of  Infantile  Experience  Upon 
Adult  Learning.  Victor  H.  Denenberg  and  George  G.  Karas,  Purdue 
University. — The  purpose  of  this  study  was  to  evaluate  the  interaction 
of  time  and  duration  of  infantile  experience  upon  adult  avoidance 
learning  in  the  albino  rat.  Two  experiments  were  conducted  in  which 
infant  rats  were  handled  for  three  minutes  per  day  during  the  following- 
ages :  1-20  days,  1-10  days,  11-20  days,  11-15  days,  16-20  days,  with 
control  groups  receiving  no  experience.  The  5s  were  tested  in  an 
avoidance  learning  apparatus  starting  at  62  days.  In  both  experiments 
significant  curvilinears  function  were  obtained  between  amount  of  han- 
dling and  performance,  with  the  Ste  receiving  an  intermediate  amount 
of  handling  performing  best,  Ss  handled  on  Days  1-10  performed 
significantly  better  than  those  handled  on  Days  11-20,  and  the  Ss 
handled  on  Days  16-20  were  significantly  better  than  those  handled  on 
Days  11-15. 

Relationships  between  Odor  Quality,  Low  Raman  Spectra  and  Bio- 
logical Utility.  Robert  H.  Wright,  Purdue  University. — Using  rela- 
tionships between  odor  quality  and  low  Raman  spectra  which  have 
previously  been  developed,  the  utility  of  these  relationships  in  the 
survival  of  organisms  is  pointed  out.  It  is  noted  that  a  number  of 
highly  poisonous  chemicals  possess  strong  vibrations  in  a  region  slightly 
beyond  the  region  in  which  chemicals  with  disagreeable  odors  have  been 
found  to  possess  strong  vibrations.    Chemicals  with  pleasant  odors  are 
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often  associated  with  biological  utility,  and  these  chemicals  are  found 
to  have  their  strongest  vibrations  in  a  region  well  removed  from  the 
major  vibrations  of  the  poisonous  chemicals. 

Secondary    and    Generalized    Reinforcement    in    Human    Learning. 

Frederick  H.  Kanfer,  Purdue  University. — Skinner  suggests  that  gen- 
eralized reinforcement  is  more  effective  because  it  is  less  dependent  on 
momentary  deprivation  of  the  organism  than  secondary  reinforcement. 
The  present  study  investigated  the  relative  effectiveness  of  a  conditioned 
or  secondary  reinforcer  and  a  generalized  reinforcer  in  facilitating  hu- 
man learning. 

Procedure:  54  Ss  were  assigned  to  Control  (NR)  Secondary  rein- 
forcement (SR)  and  generalized  reinforcement  (GR)  groups.  All  groups 
first  learned  a  list  of  paired  adjectives  to  a  criterion  of  20  correct  antici- 
pations. All  Ss  were  given  a  poker  chip  for  each  correct  response.  The 
SR  group  exchanged  two  chips  for  one  of  the  following  items  as 
randomly  predetermined:  cigarettes,  candy  or  hand  lotion.  The  items 
were  of  equal  commercial  value.  The  GR  group  could  select  any  com- 
bination of  the  rewards.  The  NR  group  received  no  reward.  All  Ss 
then  learned  a  list  of  paired  nonsense  syllables. 

Results:  On  the  first  task  the  groups  did  not  differ  significantly 
(by  F  test)  in  mean  trials  to  criterion,  despite  differing  instructions 
about  the  value  of  the  chips.  On  the  second  task,  after  chips  had  been 
exchanged,  the  mean  trials  were  70.89,  58.4,  and  52.5  for  groups  NR, 
SR  and  GR,  respectively.  These  differences  are  significant,  by  F  test, 
at  the  5%  level.  An  F  test  on  the  differences  between  individual  scores 
on  the  first  and  second  list  indicated  the  lowest  difference  scores  for 
GR,  next  for  SR  and  largest  differences  for  NR,  significant  at  the  1% 
level.  In  group  SR  there  was  no  significant  difference  in  trials  on 
either  task  between  Ss  who  received  only  candy,  only  cigarettes  and  only 
hand  lotion.  The  results  indicate  that  pairing  a  conditioned  reinforcer 
with  different  rewards  (hence  a  "generalized"  reinforcer)  enhances  its 
effectiveness.    Implications   and   limitations   of  the   study  are  discussed. 

The  Effect  of  Pretraining  in  the  Presence  of  a  Social  Stimulus  on 
Verbal  Conditioning.  Frederick  H.  Kanfer  and  Shirley  Karas,  Purdue 
University. — Verbal  conditioning  phenomena  have  been  thought  by  some 
to  be  less  stable  than  those  obtained  with  other  laboratory  procedures 
as  shown  by  occasional  failure  to  manipulate  some  verbal  response 
classes.  This  instability  may  be  due  in  part  to  a  variety  of  "concurrent 
controlling  stimuli"  which  reduce  the  direct  relationship  between  the 
reinforcer  and  a  specific  response  class.  Various  studies  have  indicated 
that  Ss  respond  differentially  to  different  experimenters.  This  study  uses 
one  E  and  attempts  to  investigate  the  effect  of  a  success  or  failure 
experience  with  the  same  E  who  subsequently  acts  as  a  source  of  rein- 
forcement in  verbal  conditioning.  Thirty-six  undergraduate  male  sub- 
jects were  assigned  randomly  to  a  control  and  two  experimental  groups. 
One  experimental  group  (ES)  received  a  "success"  experience  before 
conditioning,  the  other  group  (EF)  a  "failure"  experience.  The  control 
group  had  no  prior  experience  with  E.    Apparatus  consisted  of  7  sets  of 
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3x5  cards,  20  cards  in  each  set.  Each  showed  a  stimulus  verb  and  six 
randomly  ordered  pronouns.  The  verbs  were  taken  from  an  earlier  study- 
by  Binder.  The  verbal  conditioning  task  consisted  of  the  construction 
of  sentences  made  up  from  the  verb  and  one  pronoun  on  each  card. 
Each  card  was  exposed  no  longer  than  15  seconds,  and  a  5-second 
intertrial  interval  was  given.  Ss  were  given  160  stimuli.  No  reinforce- 
ment was  given  for  the  first  20  trials.  On  all  succeeding  trials  each  S 
was  reinforced  for  the  use  of  "I"  or  "we"  by  E's  saying  "good." 
Results  show  a  significant  difference  between  groups  on  the  last  20 
trials  and  no  significant  difference  during  the  first  20  trials.  The 
present  exploratory  results  indicate  that  pretraining  significantly  affects 
responsiveness  to  a  social  reinforcer  under  the  present  conditions  of 
the  experiment. 

Comparison  of  Rote  Learning  in  Experimentally  Regulated  and  Sub- 
ject Controlled  Speed  of  Presentation  of  Materials.  Richard  J.  Hornick, 
Purdue  University. — The  object  of  this  study  was  to  illustrate  that  the 
bow-shaped  serial  position  curve  results  from  learning  in  a  regulated 
speed  of  presentation,  whereas  it  was  felt  that  when  subjects  control 
their  own  speed  of  presentation  the  traditional  bowed  curve  would  not 
occur.  It  was  thought  that  this  would  be  explained  by  the  way  subjects 
distribute  their  time  over  the  lists  of  syllables,  so  a  time  measure  was 
incorporated  at  every  position  in  the  serial  lists.  Learning  in  subject 
controlled  presentation  speed  was  predicted  to  be  a  more  efficient  learn- 
ing than  learning  in  experimentally  regulated  presentation  speed. 

Forty  subjects  learned  in  the  two  conditions  of  presentation.  Lists 
of  nine  nonsense  syllables  were  used  (association  value  =  20%). 
Subjects  learned  to  a  criterion  of  one  perfect  recitation  with  the  antici- 
pation method. 

The  main  conclusions  were: 

1)  The  bow-shaped  curve  resulted  in  experimentally  regulated 
speed;  a  sloping,  slightly  irregular,  straight  line  resulted  from 
subject  controlled  presentation  speed. 

2)  The  time  values  showed  that  subjects  spend  more  time  in 
anticipation  of  centermost  syllables,  with  less  time  at  either 
end  of  the  list  when  working  at  their  own  speed. 

3)  Several  measures  of  efficiency  indicated  that  learning  was  most 
efficient  in  the  condition  of  subject  controlled  speed  of  presenta- 
tion. 
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Some  Gaps  in  Our  Information  on  Potassium.  Werner  L.  Nelson, 
American  Potash  Institute. — Potassium  is  perhaps  one  of  the  least 
understood  of  the  major  elements  both  in  the  soil  and  in  the  plant. 
There  are  a  number  of  research  areas  that  need  further  exploration. 
Potassium  is  an  important  factor  in  Indiana  soils  as  74%  of  the  soils 
are  low  in  available  K.  Continuous  cropping  studies  have  shown  that 
most  of  the  added  K  can  be  taken  up.  However,  as  K  is  added  at  intervals 
for  top  production  how  much  of  the  K  which  goes  into  the  non- 
exchangeable  form  will  be  taken  up?  K  availability  is  essentially  an 
equilibrium  reaction.  With  the  trend  toward  one  or  two  heavy  applica- 
tions of  K  in  the  rotation  more  information  is  needed  as  to  residual 
effects.  Part  of  this  is  related  to  compensation  to  the  tenant  if  he  moves 
off  the  farm.  Dr.  A.  G.  Norman  has  suggested  that  nutrient  levels  in 
plants  be  maintained  at  the  point  of  slight  luxury  consumption.  This 
simply  means  that  nutrients  should  be  eliminated  as  a  limiting  factor  in 
crop  production.  Much  needs  to  be  done  to  establish  these  levels.  The 
N-K  relationship  needs  much  clarification.  Of  course  as  higher  yields 
are  obtained  with  higher  rates  of  N  more  K  is  removed.  There  is  an 
indication  that  higher  N  increases  the  exchange  capacity  of  the  roots 
with  subsequent  lower  capacity  to  absorb  K.  Buildup  of  N-compounds 
in  the  plant  particularly  NH4-N  tends  to  make  K  deficiency  more  pro- 
nounced. K  deficiency  symptoms  can  be  produced  by  injecting  putrescine 
in  the  plant.  K  deficiency  causes  a  buildup  of  reducing  sugars  as  well 
as  P  and  N  compounds  in  the  plant.  This  makes  a  media  more  favorable 
for  the  growth  of  certain  microorganisms  particularly  the  fungal  diseases 
and  certain  viruses.  Much  is  yet  to  be  learned  as  to  effects  of  nutrition 
on  incidence  of  disease.  As  genetic  material  is  developed  which  will 
consistently  produce  200-250  bushels  of  corn  and  6  to  8  tons  of  alfalfa 
what  level  of  K  in  the  soil  is  needed?  What  content  of  K  in  the  plant 
is  needed  for  such  yield  levels? 
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Prediction  of  the   Residual   Effect  of  Phosphate   Applications1 

Stanley  A.  Barber,  Purdue  University 

When  crops  are  fertilized  with  phosphorus,  they  frequently  use  less 
than  twenty  per  cent  of  the  added  phosphorus.  The  phosphorus  not  used 
by  the  first  crop  remains  in  the  soil  and  has  been  shown  to  affect  the 
nutrition  of  the  subsequent  crops  grown  on  this  soil  (3,  5,  6,  7,  8,  9,  10, 
11,  12,  13,  14,  15).  This  residual  phosphorus  may  also  affect  the  level 
of  available  phosphorus  as  indicated  by  soil  tests  (4),  (6).  Because  of 
this  residual  effect,  the  complete  evaluation  of  a  phosphorus  application 
includes  not  only  the  increase  in  yield  of  the  immediate  crop  but  the 
benefits  to  be  derived  by  all  succeeding  crops.  The  need  for  this  evalua- 
tion becomes  increasingly  important  where  fertilization  is  made  on  the 
basis  of  large  applications  applied  once  every  three  or  four  years  rather 
than  applications  applied  for  each  crop. 

In  this  paper,  the  author  presents  a  method  which  has  been  found 
useful  in  Indiana  for  predicting  the  residual  effectiveness  of  phosphorus 
fertilizer  applications.  This  method  was  developed  in  the  course  of  a 
systematic  study  concerning  the  effect  of  the  available  phosphorus  level 
in  the  soil  on  the  response  of  crops  to  phosphorus  additions. 

In  this  paper  the  terms,  available  phosphate,  fixed  phosphate  and 
residual  phosphate,  are  used  with  the  following  meaning.  Available 
phosphorus  is  that  phosphorus  removed  from  the  soil  by  0.7  N  HC1 
with  a  soil:  solution  ratio  of  1:3  during  a  shaking  period  of  two  minutes 
on  a  reciprocating  shaker.  Phosphorus  applied  to  the  soil  and  not  recov- 
ered by  this  extraction  procedure  is  termed  fixed  phosphorus.  Residual 
phosphorus  is  that  which  exerts  an  effect  on  the  second  and  succeeding 
crops  over  and  above  the  effect  of  the  original  available  phosphorus 
present  in  the  soil. 

The  available  phosphorus  as  defined  above  is  correlated  with  the 
soil  phosphorus  that  is  available  to  the  plant.  The  correlation  between 
the  relative  response  to  phosphorus  fertilizer  and  the  soil  test  for 
available  phosphorus  is  shown  in  figure  1.  The  data  used  in  figure  1 
are  from  a  series  of  replicated  field  experiments  on  alfalfa  conducted 
in  1950.  The  treatments  used  were  (1)  an  application  of  200  pounds 
of  PzO«  and  200  pounds  of  K20  (this  treatment  was  assumed  to  give 
the  maximum  yield  obtainable  from  applications  of  phosphorus),  and  (2) 
a  treatment  where  only  200  pounds  of  K,0  was  applied  (this  gave  the 
yield  without  phosphorus). 

In  subsequent  studies,  the  relative  response  to  phosphorus  at  a 
given  soil  test  level  was  found  to  vary  from  year  to  year  (1).  In  some 
years  very  little  response  occurs,  whereas,  in  other  years  exceptionally 
large  responses  occur.  A  variability  also  occurs  when  different  soil 
populations   are   used    (2).     Data   shown   here   are  for   one   year   only  to 


1  Journal   Paper   No.    1118,   Purdue   University  Agr.   Exp.   Sta.,   Lafayette, 
Ind.    Contribution  from  the  Department  of  Agronomy. 
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Figure    1.       The    relationship    between    available    phosphate    and    relative    yield. 

eliminate  the  variation  due  to  years  and  for  soils  which  respond  simi- 
larly to  phosphorus.  The  soil  types  used  were:  Switzerland,  Elkinsville, 
Cincinnati,  Rossmayne,  Wheeling,  Avonberg,  Holston,  Bedford,  Fredrick, 
Vigo,  and  Gibson.  In  this  example  a  correlation  coefficient  of  0.94  was 
obtained  by  using  a  linear  regression  of  the  log  of  the  yield  decrement 
versus  the  soil  test. 

Figure  1  indicates  the  relationship  between  the  relative  yield  of 
the  crop  that  is  not  phosphate  fertilized  and  soil  tests  from  fields  where 
no  heavy  phosphate  applications  had  been  made  in  recent  years.  For 
the  soil  test  to  be  of  value  in  determining  the  residual  phosphorus, 
soils  where  the  soil  test  reflects  residual  phosphorus  should  follow  the 
same  regression  line  as  those  in  which  the  available  phosphorus  was 
primarily  in  the  native  form.  To  investigate  this  point,  a  greenhouse 
experiment  was  conducted  using  soils  collected  from  experimental  plots 
where  the  available  phosphorus  level  had  been  altered  by  heavy  applica- 
tions of  phosphate  two  or  more  years  prior  to  sampling.  The  soil  types 
used  were:  Toronto,  Raub,  Vigo,  Parke,  Miami,  and  Reesville.  The  soils 
were  fertilized  at  the  rate  of  200  pounds  of  N  and  200  pounds  of  K,0 
per  two  million  pounds  of  soil.  They  were  placed  in  number  10  cans  in 
a  randomized  block  design  with  four  replications.  Millet  was  grown  for 
six  weeks,  then  harvested  and  the  above  ground  portion  of  the  plant 
analyzed  for  phosphorus.  The  total  uptake  of  phosphorus  was  determined 
from    the    yield    and    phosphorus    content.     The    uptake    of    phosphorus 
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obtained  in  this  manner  has  been  shown  to  be  a  reliable  indicator  of  the 
available  soil  phosphorus  (2).  The  uptake  of  soil  phosphorus  plotted 
against  soil  test  is  shown  in  figure  2.  A  correlation  coefficient  of  0.94 
indicates  that  the  soil  test  is  a  good  indicator  of  the  residual  phosphorus 
in  these  soils. 
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Figure   2.      The  correlation   of  yield   of  P   with   soil   test   on  soils  varying-  in 
previous  phosphate  treatments. 


Since  the  soil  test  measures  the  residual  phosphorus  in  the  soil, 
the  next  step  was  the  determination  of  the  relationship  between  phos- 
phate applications  and  the  increase  in  soil  test  for  available  phosphate. 
It  was  proposed  that  the  available  phosphorus  measured  by  the  soil  test 
procedure  reflects  the  phosphorus  equilibrium  in  the  soil  and  consequently 
can  be  used  to  predict  the  amount  that  the  available  phosphorus  level  will 
be  increased  when  phosphorus  applications  are  made.  That  is,  there  is  an 
equilibrium  in  the  soil  between  available  phosphorus  and  the  factors 
which  tend  to  fix  phosphorus.  The  greater  the  amount  of  unsatisfied 
"phosphorus  fixers"  the  smaller  the  amount  of  available  phosphorus 
found  in  the  particular  soil  and  vice  versa.  To  test  this  hypothesis,  soil 
test  data  were  collected  from  experiments  having  large  phosphate  appli- 
cations. The  differences  in  the  soil  test  between  the  0  phosphate  and  the 
phosphate-treated  plots  were  determined.  Samples  were  taken  from  both 
field  and  greenhouse  experiments.  The  time  which  had  elapsed  between 
phosphate  application  and  soil  sampling  varied  from  4  to  14  months. 
In  well  mixed  samples,  equilibrium  was  obtained  in  one  month.  This 
increase  was  significantly  correlated  with  the  soil  test  of  the  untreated 
soils  and  is  shown  in  figure  3.  The  logarithmic  relationship  gave  a 
significantly  higher  correlation  coefficient  than  the  linear  relationship. 
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Figure   3.     Increase  due  to  100  lbs.  of  P305  as  related  to  available  phosphate 

level. 

These  data  support  the  hypothesis  that  the  soil  test  can  be  used  to 
predict  the  amount  by  which  the  available  phosphorus  is  increased  by 
phosphate  applications. 

According  to  this  hypothesis,  differences  due  to  soil  type,  clay 
content,  organic  matter  level,  and  pH  are  reflected  in  the  initial  equi- 
librium level  of  available  phosphorus.  To  test  this  one  step  further,  a 
laboratory  experiment  using  24  Indiana  soils  was  set  up  to  determine 
if  these  factors  significantly  affected  the  correlation  of  increase  in 
phosphorus  soil  test  from  an  application  of  phosphate  with  soil  test. 
The  soil  types  used  were:  Newton,  Tracy,  Door,  Odell,  Chalmers,  Strole, 
Genesee,  Crosby,  Julian  and  Maumee.  The  ranges  of  the  variables  used 
were:  pH,  4.8  to  6.7;  organic  matter,  1.3  to  11.5%;  clay,  12.9  to  42.3%. 
Fifty-gram  samples  of  soil  were  incubated  with  phosphate  applied  at 
the  rates  equivalent  to  0,  100,  200,  and  400  pounds  of  P203  per  2  million 
lbs.  of  soil  at  20%  moisture.  The  soils  were  analyzed  after  4  weeks  and 
16  weeks.  The  values  at  16  weeks  were  not  significantly  different  from 
those  for  four  weeks.  A  multiple  regression  analysis  was  made  using 
the  increase  in  test  as  the  dependent  variable  and  the  soil  test  for 
phosphorus,  the  pH,  the  organic  matter  level,  and  the  clay  content  as 
independent  variables.  Only  phosphate  soil  test  and  pH  gave  significant 
correlations.  An  r2  value  of  0.19  was  obtained  for  the  correlation  of  the 
soil  test  increase  with  the  initial  soil  test.  Inclusion  of  pH  increased  the 
value  to  0.27.   The  prediction  equation  was  Y  =  45.1  +  0.164Xi  -  1,236X2, 
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where  Xi  is  the  phosphate  soil  test  value  and  X2  is  the  pH.  With  this 
group  of  soils,  much  of  the  variation  is  unexplained  by  these  two 
variables.  Differences  due  to  soil  type  were  difficult  to  determine  since 
there  were  only  a  few  soils  from  each  soil  type  in  the  soils  used.  These 
soils  were  stored  dry  since  their  use  in  another  project  and  this  may 
have  caused  the  low  correlation  coefficient.  The  results  with  these 
soils  support  the  hypothesis  studied  with  respect  to  organic  matter  and 
clay  content.  The  effect  of  organic  matter  and  clay  content  on  phosphate 
build-up  from  a  phosphate  application  either  has  no  effect  or  is  reflected 
in  the  initial  soil  test  level.  However,  the  soil  pH  exerts  an  effect  in 
addition  to  any  effect  which  it  may  exert  through  the  soil  test  for 
phosphorus  on  the  untreated  soil.  The  effect  of  pH  in  this  case  indicates 
a  decrease  in  phosphate  build  up  as  pH  is  increased.  This  is  the  opposite 
to  normal  beliefs. 

The  relationship  of  the  increase  in  available  phosphate  from  an 
application  of  phosphate  with  soil  test  can  be  substituted  into  the  first 
relationship  presented,  the  correlation  of  percent  yield  with  soil  test, 
to  show  the  residual  effect  of  phosphate  in  terms  of  yield. 

The  percent  yield  (yO,  as  previously  defined,  is  related  to  the  soil 
test  for  phosphate  by  the  equation: 

y,  =   100  -  10  1.67  -  .0095x  (1) 

when  100  pounds  of  P205  are  added  to  the  soil  the  increase  in  the  phos- 
phate soil  test  (Z)  is  related  to  the  initial  soil  test  (x)  by  the  equation: 

Z   =   49.78  log  x  -  34.12  (2) 

The  percent  yield  (y2)  after  100  pounds  have  been  added  and  come 
to  equilibrium  (y2)  would  then  be: 

y2  =   100  -  10  1.67 -.0095   (x  +  49.78  log  x  -  34.12)  (3) 

The  increase  in  yield  (Ay)  due  to  the  residual  effect  of  this  phos- 
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Figure   4.      The    residual    effect    of    100    lbs.    of    applied    phosphate    in    terms 
of  percent  yield  as  affected   by  the  available  phosphate  in  the   soil. 
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phate  application  can  be  obtained  by  subtracting  equation  (3)  from 
equation  (1)  which  gives: 

Ay  ==   10  1.67  -  .0095x  -  10  1.67  -  .0095  (x  +  49.78  log  x  -  34.12) 

This  expression  is  shown  graphically  in  figure  4.  The  values  shown 
here  are  the  maximum  for  the  first  crop  grown  where  residual  phosphate 
is  present.  This  difference  would  decrease  as  residual  phosphorus  is 
removed  by  successive  cropping,  unless  maintenance  applications  of 
phosphate  are  made. 

An  important  relationship  from  this  study,  shown  in  figure  4,  indi- 
cates that  in  the  soil  test  range  for  available  phosphate  of  20  to  200, 
the  lower  the  soil  test,  the  larger  the  residual  effect  of  the  applied 
phosphate.  This  is  the  relationship  on  the  Indiana  soils  used,  and  it  is 
dependent  on  the  relative  slope  and  position  of  the  curves  shown  in 
figures  1  and  3.  If  the  soils  fixed  larger  amounts  of  phosphorus  at  the 
same  level  of  available  phosphorus  in  the  soil,  the  residual  effect  would 
be  reduced. 

The  concept  presented  is  useful  in  determining  the  relative  merits 
of  building  up  levels  of  available  phosphate  on  those  soils  which  are 
low  initially.  It  also  is  a  method  for  determining  the  information  needed 
to  evaluate  the  residual  effect  of  a  fertilizer  application. 
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The  Mineralogy  and  Genesis  of  a  Soil   (Tilsit  Silt  Loam)   of  the 
Unglaciated  Region  of  Indiana1 

G.  W.  Bailey  and  Joe  L.  White,  Purdue  University 

The  soils  of  Indiana  have  been  formed  from  a  variety  of  parent 
materials   which   include   glacial   tills,   sedimentary   rocks,   and   loess. 

In  a  study  of  the  influence  of  parent  material  on  soil  genesis  in 
the  unglaciated  area,  a  Tilsit  silt  loam  profile  was  sampled  on  a  site 
underlain  by  the  Borden  group.  This  group  consists  primarily  of  sand- 
stones and  siltstones.  The  Tilsit  silt  loam  is  a  (III)  profile,  has  moder- 
ately slow  surface  drainage,  is  moderately  well  drained  internally, 
and  occurs  on  2-4  percent  slopes.  The  Tilsit  belongs  to  the  Zanesville 
catena  and  is  characterized  by  the  presence  of  a  fragipan. 

Methods  and  Procedures 

The  sand,  silt,  and  clay  fractions  were  separated  by  dispersion  of 
the  soil  with  sodium  hexametaphosphate  and  the  use  of  sedimentation 
and  centrifugation  procedures  (6). 

A  method  similar  to  that  outlined  by  Krumbein  and  Petti  John  (4) 
and  Milner  (5)  was  used  in  the  petrographic  studies.  The  light  and 
heavy  minerals  were  separated  by  use  of  tetrabromoethane  and  cen- 
trifugation procedures.  Clove  oil  was  used  as  a  mounting  medium  for 
the  light  minerals  and  Canada  balsam  for  the  heavy  minerals.  At  least 
300  grains  were  counted  per  slide  in  obtaining  the  individual  mineral 
counts.  Any  mineral  present  in  an  amount  less  than  0.5  percent  was 
reported  as  a  trace. 

Oriented  clay  specimens  were  prepared  using  the  porous  ceramic 
tile  method  suggested  by  Kinter  and  Diamond  (3).  X-ray  diffraction 
patterns  were  made  with  a  General  Electric  XRD-51  Diffractometer 
using  copper  K  oc  radiation.  The  clay  mineral  composition  of  the  coarse 
clay  fractions  was  estimated  by  the  method  of  Johns,  Grim  and  Bradley 
(2)  and  is  reported  in  parts  per  ten  (Figure  1). 

Results  and  Discussion 

Vermiculite,  montmorillonite,  and  illite  are  the  dominant  minerals 
in  this  soil  (Figure  1).  Heating  tests  indicated  that  chlorite  was  not 
present  in  significant  amounts  in  any  of  the  horizons. 

Vermiculite  is  present  in  all  horizons  except  the  Y4  and  Dr.  This 
observation  and  the  fact  that  the  montmorillonite  content  is  never 
greater  than  3  parts  per  ten  would  suggest  that  this  soil  has  developed 


1  Journal  Paper  No.  1350,  Purdue  University  Agricultural  Experiment 
Station,  Lafayette,  Indiana.  Contribution  from  the  Department  of  Agron- 
omy. Grateful  acknowledgment  is  made  to  the  National  Science  Foundation 
for  a  grant  (NSF  G-2157)  made  through  the  Purdue  Research  Foundation 
(PRF  1254)  which  supported  this  research. 
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Figure   1.      Clay    mineral    composition     (parts    per    ten)     of    the    coarse    clay 

fraction    of    Tilsit    silt    loam.     Legend:     K  =  kaolinite;    I  ;=  illite; 

V  =  vermiculite  ;  M  ■=.  montmorillonite. 


under  better  drainage  conditions  than  those  on  comparable  slopes  on 
Illinoian  till. 

The  illite  content  of  the  lower  part  of  the  profile  is  very  high,  indi- 
cating that  the  Borden  formation  contains  sediments  high  in  illite 
content. 

There  are  two  zones  with  a  rather  high  kaolinite  content  in  the 
Tilsit  soil.  The  first  occurs  between  the  A_>  and  B,  and  the  second 
between  the  Yi  and  Y2. 

Glass,  Potter,  and  Siever  (1)  have  reported  that  some  of  the  Penn- 
sylvanian  shales  are  high  in  kaolinite.  The  direction  of  movement 
of  the  ice  sheet  in  the  Kansan  and  Illinoian  glacial  periods1  suggests 
that  Pennsylvanian  sediments  were  incorporated  into  glacial  tills  of 
these  periods  in  the  west  central  part  of  Indiana.  Further  evidence 
for  this  is  shown  in  Figure  2  which  shows  the  diffractometer  tracings 
of  the  clay  fraction  (<2ju)  of  the  various  lithological  units  of  the  Cagle's 
Mill  Reservoir  section  (7)  (Table  2).  Two  units,  no.  4  in  the  Illinoian, 
and  no.  8  in  the  Kansan,  show  unusually  large  concentrations  of  kaolinite. 

The  petrographic  data  for  the  heavy  and  light  mineral  fractions 
are  shown  in  Table  1.  On  the  basis  of  the  persistence  or  stability  of 
minerals  to  weathering  the  following  criteria  for  weathering  and  depo- 
sition were   used:     (1)    an   increase    (positive   slope)    in  the   percent   of 


1  Personal    communication,    Di 
Survey,  Bloomington,  Indiana. 


William    J.    "Wayne,    Indiana    Geological 


Figure   2.     X-ray    diffractometer    tracings    illustrating    variations    in    clay- 
mineral  suites  of  the  Cagle's  Mill  Reservoir  section. 
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TABLE  2 

Description  of  Cagle's  Mill  Reservoir  Section:    SEV4   NE1^   Sec.  13, 
T12N,  R5W,  Putnam  County,  Ind.    (Wayne,  1957)  (7). 

WISCONSIN   STAGE  Thickness,  Feet 

11.     Silt:    yellowish-brown,  clayey,  not  calcareous 

(probably  wind-laid)  3.0 

ILLINOIAN  STAGE 

10.     Till:    brown,  fractured,  not  calcareous,  secondary 

limonite  deposition  along  joints  12.0 

9.     Till:    light-brown,  calcareous,  sandy,  clayey  5.3 

8.     Till:    dark-gray,  calcareous,  sandy,  clayey, 

very  pebbly  6.00 


Total  Illinoian  23.3 

KANSAN  STAGE 

7.     Clay:    brown  to  greenish-gray,  not  calcareous, 

silty  to  sandy  3.5 

6.     Till:    brown,  sandy  and  silty,  not  calcareous  8.5 

5.     Till:   reddish-brown,  calcareous,  sandy  and  silty  3.0 

4.  Till:  brownish-gray,  calcareous,  silty,  sandy; 
oxidized  extensively  along  joints;  contains 
wood  fragments  in  basal  few  feet  12.0 

3.  Clay,  silty:  brownish-gray,  laminated,  highly 
calcareous;  contains  scattered  wood  frag- 
ments throughout;  lenticular,  pinching  out 
toward  west  in  exposure  2.3 

2.  Silt:  grayish-brown,  mottled  locally;  calcare- 
ous and  abundantly  fossiliferous,  becom- 
ing less  so  in  lower  1.0  foot;  wood,  peat, 
and  humus  common  at  upper  contact; 
lenticular,  pinching  out  toward  west  in 
exposure  (Cagle  silt)  3.0 


Total  Kansas  32.3 


Total  Pleistocene  55.6 

PENNSYLVANIAN  SYSTEM  (Mansfield  formation) 
1.     Sandstone,  shale,  and  thin  coal,  overlain  locally 

by  as  much  as  12  feet  of  colluvial  debris  Not  measured 

rutile  and  zircon  in  going  from  the  D,  or  C  horizon  toward  the  surface 
was  assumed  to  indicate  weathering;  a  decrease  (negative  slope)  was 
taken  to  indicate  deposition;  (2)  a  decrease  (negative  slope)  in  the 
percent  of  tourmaline  was  assumed  to  indicate  weathering  while  an 
increase  (positive  slope)  represents  deposition. 

The  data  for  rutile  and  zircon  (Table  1)  show  two  very  prominent 
bulges  in  rutile  and  zircon  content  in  the  Tilsit  at  depths  of  25  and  54 
inches.  These  very  pronounced  rutile  and  zircon  maxima  are  inter- 
preted to  indicate  former  weathering  surfaces.    The  maxima  for  tour- 
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maline  at  18  inches  and  36  to  46  inches  in  this  soil  would  denote  depo- 
sition. The  two  maxima  for  tourmaline  agree  closely  with  the  kaolinite 
maxima  and  when  considered  with  the  high  kaolin  content  of  certain 
lithological  units  of  the  Illinoian  and  Kansan  tills  would  suggest  that 
the  Pennsylvanian  materials  incorporated  into  the  tills  could  have  been 
a  possible  source  of  the  high-kaolin  sediments  for  this  soil. 

Thus,  clay  mineral  composition  and  petrographic  data  suggest  that 
the  genesis  of  the  Tilsit  soil  has  been  influenced  to  a  very  significant 
degree  by  the  deposition  of  loess  on  top  of  residuum  from  siltstone 
and  sandstone. 
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Mystery  Mound 

T.  M.  Bushnell,  Purdue  University 

A  newspaper  clipping  (Indianapolis  Star)  reads  as  follows: — 
"FARM  GROWN  HIGHER,  RICHER;  IT'S  ALL  RIGHT  WITH  HENRY. 

Hammond,  Ind.  Nov.  17,  1948.  Henry  HuppenthaFs  farm  .  .  .  just 
grows  and  grows.  Agricultural  phenomenon  .  .  .  25,000  square  yards 
of  earth  has  bulged  15  feet  higher  .  .  .  rich  black  earth  .  .  .  pro- 
duce more  than  110  bushels  of  corn  to  the  acre  .  .  .  growing  last  10 
years  .  .  .  continuous  eruptions  .  .  .  excellent  texture  .  .  .  be- 
lieves an  eruption  of  the  earth's  core  .  .  .  geologists  say  underground 
stream  .  .  .  apparently  pushes  the  rich  soil  upward  .  .  .  chemical 
analysis  has  shown  the  raised  soil  is  silt  loam  .  .  .  excellent  content 
of  organic  matter  .  .  .  nitrogen,  phosphorous  and  hydrogen  have 
been  found  high. 

That  story  is  retold  in  several  other  clippings  November  18  and 
19  and  is  illustrated  with  photos,  one  of  which  is  an  impressive  picture 
of  the  mound  looking  much  higher  than  a  man  beside  it  (Figure  1). 
The  points  are  much  the  same,  with  some  little  rewording  and  additions. 
Some  phrases  are  "five  acres  .  .  .  would  swallow  tractor  .  .  .  swells 
actively  .  .  .  rich  black  earth  has  been  thrown  atop  the  clay  .  .  . 
large  cracks  appear  frequently  .  .  .  soil  blister  .  .  .  unable  to  Hii 
hump  .  .  .  only  recently  the  bulge  reached  phenomenal  proportions 
...  no  explanations  have  been  given  by  geological  experts  .  .  . 
overflowing  underground  stream  may  be  responsible  .  .  .  soil  is  black 
and  sticky  .  .  .  the  overflow,  however  is  plowed  onto  adjoining  fields 
.    .    .    yielded  up  to  110  bushels." 

No  information  is  available  about  what  "geological  experts"  may 
have  seen  or  considered  this  mound,  or  who  who  may  have  made  any 
chemical  analyses  mentioned  above. 

Apparently  some  enquiries  were  made  at  Purdue  when  the  story 
first  appeared  and  newspaper  clippings  dated  November  18,  19,  22,  23 
and  24  printed  statements  attributed  to  administrative  officers  somewhat 
as  follows:—  "PURDUE  EXPERTS  EXPLAIN  BULGING  SOIL  PHE 
NOMENON  .  .  .  eruption  was  easy  because  the  earth  is  soft  ana 
loose  muck  land  .  .  .  land  lies  over  old  swamp  .  .  .  organic  matter 
preserved  by  water  .  .  .  pushed  to  top  by  pressure  .  .  .  interesting 
but  not  spectacular  .  .  .  similar  bulges  ...  in  northern  Indiana 
muck  areas  ...  a  case  of  a  farmer  getting  to  rob  some  land  that 
hadn't  been  robbed  before." 

On  November  18th  T.  R.  Johnston,  Purdue  publicity  department, 
asked  the  writer  to  visit  the  mound  for  first  hand  information.  The 
area  was  visited,  borings  were  made  in  the  mound  and  surrounding 
flat,  samples  were  taken  and  brought  in  for  laboratory  examination.  The 
Purdue  News  Service  release  of  November  20  contained  the  following 
phrases: —  "growth  of  new  land    .    .    .    toned  down    .    .    .    muck  land 
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...  an  acre  or  two  actually  growing  higher,  in  part  from  water 
from  a  spring  which  carries  a  heavy  content  of  lime  .  .  .  deposit 
of  marl  in  the  soil  for  many  years  has  helped  in  expansion  .  .  . 
drainage  of  porous  muck  land  around  it  .  .  .  caused  land  to  settle 
.  .  .  makes  rise  even  more  apparent  .  .  .  formation  not  unusual 
...  no  land  marks  to  show  actual  rate  of  rise  .  .  .  muck  nine  feet 
deep  ...  at  edge  of  rise,  and  18  feet  deep  in  the  center  of  the  rise 
.  .  .  brought  back  soil  samples  .  .  .  will  make  tests  .  .  .  before 
finally  making  up    .    .    .    mind." 

The  News  Service  must  have  released  another  report  on  the  sample 
analyses,  and  also  the  fact  that  the  mound  was  found  on  an  aerial 
photo  taken  in  1938  where  it  appeared  to  be  as  large  as  it  was  in  1948. 

Nine  clippings  from  different  Indiana  newspapers  from  Nov.  22  to 
Nov.  26  carried  that  later  story  in  varying  detail  and  emphasis  on  the 
points.  Individuality  also  was  shown  in  headings,  such  as: —  "Scientist 
explains  land  rise,"  "Hump  of  land  is  mainly  water,"  "Spring  seepage 
credited  for  county  phenomenon,"  "Soil  Expert  says  hummock  a  sponge," 
"Scientific  explanation  given  on  soil  eruption."  It  is  interesting  to 
note  that  some  papers  published  the  "original"  Purdue  story  on  the 
mound  two  days  after  other  papers  published  the  second  story  based  on 
the  examination  of  the  mound  and  samples.  Time  asked  for  facts  on 
the  mound  and  decided  the  matter  was  not  news-worthy,  but  the  story 
is  known  to  have  reached  Texas  papers.  Mary  E.  Bostwick  finally  buried 
it  with  a  garbled,  nicely  told  tale  which  in  part  went  as  follows: — 
"CEDAR  LAKE  'ERUPTION'  JUST  ORDINARY  DIRT  ...  For  a 
while  there  up  at  Cedar  Lake  they  thought  they  had  something  in  the 
same  class  with  the  volcano  Paricutin  that  blew  up  in  a  Mexican  farmer's 
face  a  few  years  ago  .  .  .  black  loam  began  breaking  through  the 
clay  topsoil,  making  an  enormous  bulge  ...  it  was  hailed  as  'an 
eruption  of  the  earth's  core'.  .  .  .  Sorry,  folks,  but  it's  just  muck 
being  pushed  through  the  surface  by  the  pressure  of  one  or  more 
underground  streams.  .  .  .  The  authority  for  this  statement  is  John 
Layden  .  .  .  'there's  nothing  very  phenomenal  in  that,'  said  Layden. 
So  there  goes  the  'magic  soil  from  the  earth's  core'  and  the  sightseers 
and  rubbernecks  might  as  well  go  home." 

The  established  facts  about  this  "Mystery  Mound"  are  as  follows: — 

Location:  Lake  county,  Indiana.  In  section  30  SE1^  NE*4,  R9W, 
T34N;  about  V4  miles  west  of  a  N-S  road  and  5/16  mile 
south  of  an  east-west  road  leading  west  to  Brunswick.  \xh 
miles  west  of  Cook  and  U.  S.  41. 

Dimensions:  About  210  feet  long  (east  and  west);  about  80-85 
feet  wide  at  maximum;  less  than  10  feet  elevation  above 
the  surrounding  flat  (at  highest  point).   Area  about  %  acre. 

Shape:  Like  a  giant  loaf  of  rye  bread.  Estimated  volume  70,000 
to  100,000  cubic  feet. 

Depths  to  mineral  substratum:  About  18  feet  in  center  and  15  feet 
in  east,  south  and  west  ends  of  mound;  9  feet  outside 
east  end  and  15  feet  about  100  feet  west  of  the  mound 
in  the  main  flat.    The  muck  flat  becomes  rapidly  shallower 
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figure  1 


Figure   1.     Aerial   photograph — 1938 — showing   mound    in    lower    right   hand 
portion   of  the  picture. 

nearer  the  mineral  land  lying  100  to  200  feet  to  the  east 
of  the  mound. 

Geological  setting:  In  extensive  muck  area;  formed  in  old  glacial 
channel  passing  south  through  the  Valparaiso  moraine; 
from  M  to  Vz  mile  wide;  West  Creek  valley;  calcareous 
glacial  till  uplands  on  the  north  and  east  with  small 
glacial  gravel  bench  on  east. 

Water  conditions:  The  main  valley  probably  had  high  enough 
water  levels  to  support  aquatic  vegetation  and  build  up 
muck  levels  reaching  from  the  mineral  substratum,  or  bot- 
tom of  the  channel,  to  an  elevation  the  same  or  perhaps 
a  little  higher  than  the  present  level  of  the  general  muck 
bed.  The  valley  has  been  ditched  and  drained  enough  to 
permit  cultivation  of  the  flat  which  doubtless  has  caused 
some  subsidence  of  the  drained  area. 

Nature  of  the  muck:  The  main  body  of  muck  seemed  to  be  the 
kind  normal  to  most  northern  Indiana  marshes,  being  the 
remains  of  reeds,  sedges,  grasses  etc.,  which  are  usually 
70  to  80%  organic  (combustible  on  a  dry  matter  basis)  and 
fairly  well  decomposed  and  black  in  the  upper  layers  but 
may  be  more  brown,  fibrous  and  undecomposed  in  lower 
layers. 
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Examination  of  the  samples:  The  samples  were  taken  in  the 
center  of  the  mound  representing  layers  0-9;  9-20;  20-35; 
35-50  and  75-85  inches. 

These  samples  did  not  seem  as  much  decomposed  as  usual  in  upper 
layers. 

There  was  no  attempt  to  keep  them  at  field  moisture  so  they  might 
have  dried  a  little  before  reaching  the  laboratory. 

The  examination  included: — 

1.    Drying  to  determine  moisture  content. 

Igniting  to  determine  loss  on  ignition  of  the  dry  matter. 
Determining   the   acid   neutralizing  value   of   the   dry  matter  to 
estimate  the  calcium  carbonate  equivalent. 

Mineral    ash    was    figured    by    subtracting    the    sum    of    organic 
matter  and  calcium  carbonate  from  the  total  dry  matter. 
Percentages  were  calculated  from  the  basic  data,  and  are  shown  by 
graphs. 
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Figure   2 

Figure  2.    Compositio  nof  Muck  samples  from  Mystery  Mound, 
w  =  water  in  moist  sample. 
o  =  organic,  by  loss  on  ignition. 
mrrmarl,    figured    from    acid    neutralizing    value    of    ash    after 

ignition, 
a  =  ash,  after  subtracting  marl. 


Discussion  of  the  evidence: 

There  is  little  doubt  that  there  were  "springs"  under  or  near  the 
mound  area  in  the  bottom  of  the  swale  but  they  could  hardly  be  called 
"underground  streams."  Also  it  does  not  seem  reasonable  that  any 
water  pressures  existed  which  could  force  any  soil  upward.  Certainly 
no  material  from  below  has  forced  up  through  the  surface  soils,  as 
any  "pressures"  could  not  be  confined  by  the  open  meshes  of  plant 
remains  but  the  spring  waters  could  spread  out  in  all  directions.  The 
body  of  mucky  soil  in  the  whole  valley  must  have  been  built  up  from 
the  remains  of  vegetation  grown  on  the  surface  and  added  to  the  top. 
Part  of  it  decayed  away  but  part  would  remain.  Wet  muck  swells  up, 
but  shrinks  on  drying. 
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The  basic  difference  in  the  site  factors  of  the  mound  and  the  sur- 
rounding flat  must  have  been  in  the  water  supply.  The  difference  was 
hardly  in  the  amount  of  water  as  the  muck  flat  must  have  had  ample 
supply  to  saturate  the  land  and  to  grow  as  large  vegetation  as  on  the 
mound.  The  difference  probably  was  in  the  water  composition.  The 
water  of  the  flat  must  have  been  mostly  from  rainfall,  although  some 
ground  water  from  springs  was  added,  as  at  this  place.  Rain  is  little 
more  than  pure  water  but  the  ground  water  contains  considerable 
dissolved  materials.  It  is  not  likely  that  the  ground  water  contained 
any  excessive  amounts  of  nutrients  such  as  nitrogen,  phosphorus  and 
potash  which  might  stimulate  extra  growth  at  the  mound  site.  Perhaps 
there  was  enough  potash  in  the  ground  water  to  correct  the  potash 
deficiency  common  in  mucks. 

However  the  surrounding  glacial  drift  has  a  high  content  of  lime — 
perhaps  ranging  from  15  to  50%  in  different  places.  Water  passing 
through  the  earth  usually  contains  considerable  carbon  dioxide  derived 
from  decaying  organic  matter  of  the  upper  soil  horizons  and  the  carbonic 
acid  thus  formed  readily  converts  some  of  the  less  soluble  calcium  car- 
bonate into  the  more  soluble  bicarbonate  until  the  ground  water  becomes 
more  or  less  saturated.  When  that  ground  water  entered  the  swale  at 
the  mound  site  it  would  tend  to  displace  the  relatively  pure  rain  water 
which  had  saturated  the  earth.  Some  of  the  limy  ground  water  would 
tend  to  rise  towards  the  surface  of  the  ground  by  capillarity  and  part 
of  it  would  be  lost  by  evaporation  and  transpiration  by  plants  leaving 
behind  the  dissolved  materials.  Some  of  the  solutes  would  enter  into 
the  composition  of  the  plants  and  part  might  be  precipitated  by  con- 
centration of  the  solution.  In  the  case  of  the  lime  the  escape  of  carbon 
dioxide  into  the  air  near  the  surface  would  cause  the  reconversion  of 
soluble  bicarbonate  into  the  less  soluble  carbonate  which  would  form 
"spring  water  marl."  At  the  mound  site  very  fine,  white  grains  of  such 
marl  were  observed  in  seepy  places  and  in  the  muck  samples  (Figure  2). 

Marl  derived  from  chara  is  common  in  muck  land  areas  and  con- 
siderable amounts  of  spring  water  marl  are  often  found  elsewhere,  but 
in  both  cases  the  materials  are  usually  in  deposits  or  strata  rather 
definitely  separated  from  the  other  layers  of  materials.  The  unique 
feature  of  the  mound  site  is  that  the  marl  is  well  distributed  throughout 
the  mucky  soil  and  is  not  there  as  separate  layers.  Apparently  this 
distribution  of  the  marl  lends  some  support  to  the  organic  materials 
so  that  they  do  not  sink  down  to  the  general  level  of  the  land  but  have 
been  able  to  gradually  build  up  on  their  own  residues  under  the  influence 
of  a  constant  source  of  high  lime  waters. 

Ordinary  mucks  contain  no  free  carbonates  and  are  even  slightly 
acid  in  most  cases.  Moist  mound  muck  has  about  10%  marl,  which  is 
from  30  to  60%  of  the  dry  matter.  The  marl  content  is  much  less  at 
the  bottom  of  the  profile,  indicating  that  the  concentration  in  ground 
water  is  not  so  high  but  that  the  marl  is  accumulated  in  the  upper 
layers.  Conversely  it  is  seen  that  the  organic  content  of  this  mound 
muck  ranges  from  about  20  to  50%  in  contrast  to  70  or  80%  (dry 
basis)   in  normal  mucks. 
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While  it  is  true  that  some  bumps  of  muck  have  been  observed 
elsewhere,  the  writer  has  never  seen  or  heard  of  any  which  are  com- 
parable, in  size  or  in  elevation  above  a  flat,  to  this  "mystery  mound" 
and  he  does  not  know  of  any  other  report  of  well  distributed  marl 
content.    It  really  is  a  remarkable  phenomenon. 

A  somewhat  comparable  condition  was  observed  in  Japan  where  a 
level  marsh  land  seemed  to  have  had  considerable  deposits  through 
the  years  of  fine  volcanic  ash  which  was  well  distributed  in  the  soil, 
because  vegetation  seemed  to  have  continued  to  grow  during  the  period. 
At  any  rate  soil  samples  which  were  taken  of  that  soft,  wet  material 
did  not  shrink  on  drying  as  mucks  normally  do,  but  seemed  to  be  sup- 
ported in  form  by  the  fine  ash  content. 

It  may  be  noted  that  the  "Mystery  Mound"  is  nothing  like  the  "Hoch 
Moor"  or  high  bogs  of  northern  regions  which  grow  and  build  up  high 
above  the  surrounding  lands  due  to  the  structure  of  the  sphagnum  moss 
vegetation  which  enable  the  mass  to  hold  water  like  a  sponge.  Such 
peat  has  high  water  content  in  the  field,  with  very  low  ash,  and  very 
high  organic  content  of  the  dry  matter.  It  is  very  acid. 

The  final  opinion  of  the  writer  is  that  the  mound  probably  required 
a  long  time  to  develop,  but  it  is  a  unique  occurrence  in  size  and  compo- 
sition, which  is  well  worth  recognition  and  a  place  in  the  records  of 
this  Indiana  Academy  of  Science. 


Wisconsin  Moraines  as  a  Source  of  Loess  in  Soil 
Formation  in  Fayette  and  Union  Counties1 

H.  P.  Ulrich,  Purdue  University 

The  role  of  glacial  melt-water  streams  such  as  the  Wabash  river 
to  loess  deposition  has  long  been  recognized  in  several  deep  silty  soils 
along  the  Wabash  River.  These  silt  deposits,  uniformly  assorted  by 
wind,  occur  over  several  geological  materials  in  southern  Indiana.  Cald- 
well has  shown  1)  that  these  deposits,  thick  at  the  source,  thin  rapidly 
initially  then  gradually  over  a  distance  of  many  miles.  They  were 
carried  by  winds  in  a  southeasterly  direction.  Further  studies  made 
with  A.  L.  Zachary  show  that  loess  deposits  on  the  Illinoian  till  plain 
of  southeastern  Indiana  are  about  30  to  36  inches  in  thickness.  These 
loess  deposits  have  their  sources  partly  in  glacial  sluiceways  tributary 
to  the  Wabash  River. 

In  Parke  County,  Indiana  loess  deposits  from  the  Wabash  River 
covered  both  the  Illinoian  and  the  adjoining  Wisconsin  till  plain  (Shelby- 
ville  moraine).  A  transect  across  the  Wisconsin  and  Illinoian  till  plains 
from  Lyford  to  New  Albany  showed  that  loess  deposits  decreased  from 
65  inches  adjoining  the  river  valley  to  55  inches  within  a  distance  of 
two  miles  of  the  valley  wall.  They  increased  to  108  inches  on  the 
Illinoian  till  plain,  five  miles  from  the  escarpment.  From  this  study 
it  was  inferred  that  successive  glacial  advances  may  result  in  a  number 
of  loess  depositions. 

The  Fayette  and  Union  County  soil  surveys  presented  the  oppor- 
tunity to  study  the  relationship  of  Wisconsin  moraines  2)  to  loess 
deposition  in  an  area  where  glacial  melt-water  river  valleys  are  narrow 
and  would  be  expected  to  contribute  little  loess. 

During  the  course  of  the  survey  the  soils  were  classified  and  mapped 
on  the  basis  of  their  morphological  characteristics  including  the  kind 
or  kinds  of  parent  materials  from  which  they  were  developed.  Records 
were  kept  of  the  thickness  and  reaction  or  carbonate  content  of  the 
loess  and  till.  Fig.  1,  a  generalized  map,  was  prepared  from  the  more 
detailed  field  maps.  As  the  probable  loess  sources  consist  of  either 
moraines  or  melt-water  stream  valleys  extending  in  a  north-south 
direction,  we  would  expect  loess  deposition  to  occur  east  of  these  features. 
Legend: 

1.  Present  day  flood  plains  consisting  chiefly  of  Genesee  and  Eel 
soils. 

2.  Alluvial  terraces  of  several  levels  on  which  soils  of  the  Ockley, 
Fox,  Nineveh  and  Martinsville  catenas  are  developed  in  loamy  outwash, 
chiefly  over  calcareous  gravel  and  sand. 

3.  Highly  dissected  Illinoian  till  plain  on  which  soils  of  the  Cin- 
cinnati catena  are  developed  on  nearly  level  areas  in  loess  ranging  from 


1  Purdue  University,   Agricultural  Experiment  Station,  Jour.  Paper  No. 
1358. 
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40  to  70  inches  in  thickness  overlying  glacial  till,  calcareous  at  approxi- 
mately 11  feet. 

4.  Nearly  level  ground  moraine — Shelbyville  stage  of  the  Wisconsin 
period.  Soil  chiefly  Manlove,  Birkbeck  and  Reesville  are  developed 
entirely  in  silt  35  to  65  inches  thick,  that  often  is  calcareous  near  the 
contact  with  the  underlying  calcareous  Wisconsin  till. 

5.  Nearly  level  to  rolling  area  of  Shelbyville  moraine  comprising 
soils  of  the  Russell  catena  (Russell,  Xenia,  Fincastle,  Cope,  and  Brooks- 
ton  series).  These  soils  are  developed  in  18  to  40  inches  of  loess  over- 
lying till  that  is  calcareous  at  42  to  60  inches  or  more. 

6.  Nearly  level  to  rolling  area  of  Shelbyville  moraine,  though  less 
dissected  than  area  No.  5.  Soils  consist  of  shallow  phases  of  Russell 
and  Fincastle  and  of  Miami  soils  undifferentiated.  These  soils  are  devel- 
oped in  a  thin  and  variable  silt  deposit  usually  varying  from  15  to  30 
inches  and  averaging  22.6".  Loess  overlies  till  that  is  calcareous  at  an 
average  depth  of  34.0". 

7.  Nearly  level  to  undulating  till  plain  of  the  Champaign  morainic 
system,  Wisconsin  Period.  The  soils,  members  of  the  Miami,  Celina, 
Crosby,  and  Brookston  Catena,  are  developed  on  loam  till  that  is  cal- 
careous at  an  average  depth  of  24.5".  Loess,  if  present,  is  limited  to 
the  "A"  horizon  to  a  depth  of  about  10  inches. 

As  noted  on  the  soil  map,  and  legend  Fig.  1,  loess  of  varying  thickness 
is  recognized  on  all  the  groups  of  soils  listed  except  No.  1,  the  recent 
alluvium  of  streams;  No.  2,  the  older  alluvial  or  terrace  deposits  of 
Wisconsin  age  consisting  of  gravel,  sand  and  finer  materials;  and  No.  7, 
the  younger  till  deposits  of  the  Champaign  substage  of  the  Wisconsin 
glacial  period. 

The  following  observations  and  conclusions  are  centered  on  Fayette 
County  chiefly  because  it  includes  till  plains  of  Illinoian  and  Wisconsin 
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Age,  the  latter  including  moraines  of  Shelbyville  and  Champaign  sub- 
stages. 

1.  Loess  deposits  are  thicker  on  nearly  level  areas,  thinner  on 
sloping  areas  such  as  occur  around  drainage  ways;  and  decrease  in 
thickness  south  eastward  from  the  source. 

2.  The  larger  areas  and  thicker  deposits  of  loess  lie  adjacent  to 
and  southeast  of  the  Champaign  substage  of  the  Wisconsin  period, 
Fig.   1  Item  4,  on  the  nearly  level  divides  of  the  Shelbyville  substage. 

3.  The  Illinoian  till  plain,  Fig.  1  Item  3,  has  been  covered  in  part 
with  loess  from  the  Shelbyville  substage  of  the  Wisconsin  period.  Loess 
six  feet  deep  occurs  on  the  level  Illinoian  plain,  areas  of  which  occur  on 
or  near  the  Fayette-Franklin  County  line  near  the  Shelbyville  moraine. 
The  Illinoian  till  plain  in  Fayette  County  is  so  highly  stream  dissected 
that  few  level  remnants  remain.  The  average  depth  of  loess  observed 
on  smooth  area,  48  inches,  is  a  foot  thicker  than  that  covering  other 
parts  of  the  Illinoian  till  plain  to  the  south. 

4.  Loess  deposits  three  to  five  feet  thick  on  level  areas  of  the 
Wisconsin  till  plain  are  usually  calcareous  or  neutral  in  reaction  within 
a  depth  of  three  feet.  Similar  deposits  on  the  Illinoian  till  plain  of 
Fayette  County  are  strongly  acid  in  reaction  and  the  till  is  carbonate- 
free  to  a  depth  of  10  feet  or  more. 

5.  The  Russell  catena,  Fig.  1  Item  5,  is  the  most  extensive  group 
of  soils  in  the  area,  the  one  on  which  more  data  was  collected.  Loess 
depths  range  from  15  to  40  inches  or  more  in  thickness.  The  loess  is 
thicker  southeast  of  the  Champaign  moraine  and  bordering  soils  of 
the  Manlove  Catena,  Item  4,  which  are  developed  entirely  in  silts. 

Included  in  Item  6  are  many  small  areas  of  soils  of  the  Manlove  and 
Russell  groups  that  have  either  a  thicker  silt  mantle  or  greater  depth 
of  carbonate-free  till-derived  soil.  This  mixed  soil  pattern  is  especially 
notable  in  northeastern  Union  County  and  southeastern  Wayne  County, 
south  of  the  conspicuous  moraine  lying  parallel  to  Elkhorn  Creek.  This 
area  is  interpreted  to  be  part  of  the  Shelbyville  Moraine. 

In  order  to  study  the  relation  of  loess  depth  and  glacial  streams, 
the  depth  of  loess  and  leached  till  was  tabulated  by  tiers  of  sections 
from  the  Fayette-Rush  County  line  eastward.  This  data  is  presented 
in  Fig.  2. 
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The  average  depth  of  leached  loess  (solid  line)  and  leached  till 
(dashed  line)  for  soils  of  the  Russell  catena  in  a  north  south  tier  of 
sections  is  shown  by  the  vertical  lines  by  one  mile  intervals  across 
the  26  mile  width  of  the  two  counties.  The  county  average  depth  of 
silt  and  carbonate-free  till  is  indicated  by  the  horizontal  lines.  The 
difference  in  average  thickness  of  the  silt,  in  Fayette  county  (25.7 
inches)  and  Union  County  (28.1  inches),  is  probably  not  significant. 
The  greater  thickness  of  silt  in  the  northwest  part  of  Fayette  County 
and  the  northeast  part  of  Union  County  seems  to  have  its  source  in 
the  Champaign  moraine  which  crosses  Fayette  and  southern  Wayne 
counties.  Local  variations  in  average  silt  depth  is  due  partly  to  limita- 
tions in  the  data,  variations  in  topography  and  the  kinds  of  soils,  and 
the  possible  source  of  loess  from  glacial  Whitewater  river  sluiceways. 

A  similar  variation  was  found  in  average  silt  depth  in  soils  of  the 
Manlove  Catena  across  these  counties.  Table  1  shows  the  particle  size 
distribution  by  soil  horizons  in  Manlove  silt  loam.  The  disconformity 
or  abrupt  change  in  the  silt  versus  sand  relationship  is  shown  at  65 
inches  where  the  loess  rests  on  the  glacial  till. 

In  summary,  this  shows  that  moraines  such  as  the  Champaign  and 
Shelby ville  contribute  (a)  to  a  relatively  thick  silt  mantle  on  the 
eastward  side  near  the  moraine,  and  (b)  that  they  probably  contribute 
to  a  smaller  increment  widely  distributed  over  more  distant  areas. 
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Streamlining   Soil  Survey   Information  for  Practical  Use 

Harry  M.  Galloway  and  T.  C.  Bass,  Purdue  University  and  Soil 
Conservation  Service 

Modern  soil  surveys  amass  a  wealth  of  detailed  information.  The 
survey  maps  show  soil  areas  and  their  relations  to  roads,  houses,  schools, 
urban  areas,  power  lines,  drainage  ditches  and  other  features.  The 
reports  with  these  modern  surveys  are  necessarily  detailed  and  rather 
lengthy.  They  are  made  to  meet  the  needs  of  an  audience  with  widely 
different  interests  and  problems. 

Since  the  maps  show  soil  differences  in  great  detail,  they  may  well 
be  confusing  to  the  average  user.  Indeed,  this  may  be  the  reason  that 
many  potential  users  do  not  realize  the  fullest  value  of  the  modern 
survey  information.  Soil  scientists  are  very  much  aware  of  this  difficulty 
and  are  making  strong  attempts  to  "streamline"  the  materials  for  more 
ready  use.  In  this  effort  they  are  constantly  faced  with  the  need  for 
fuller  interpretation  of  soil  uses  and  alternatives. 
Research  Studies  Back  Soils  Interpretations: 

Today's  soil  scientists  lean  heavily  upon  experimental  data  to 
support  the  soil  management  section  of  the  survey  report.  Without 
a  sound  management  section  the  entire  report  is  in  jeopardy.  Surely 
it  will  not  be  used  fully  unless  suggested  land  use  and  management 
practices  are  sound  and  reasonably  up  to  date. 

Soil  scientists  appreciate  the  foresight  of  our  predecessors  who, 
as  early  as  1899,  organized  the  Soil  Survey  and  made  its  functions 
completely  cooperative  with  the  Agricultural  Experiment  Station  of 
each  state  in  which  it  operated.  One  of  the  compelling  reasons  for 
beginning  the  field  study  of  soils  was  to  learn  where  early  experiment 
field  research  could  be  applied  with  success.  All  through  the  years 
data  collected  at  such  permanent  field  stations  and  at  short  term  field 
trial  locations  have  furnished  much  of  the  basis  for  our  increasing  use 
of  technology  in  raising  crops  and  has  given  substance  to  management 
sections  of  soil  survey  reports. 

Indiana  has  made  long  time  studies  at  the  Agronomy  Farm,  Muck 
Crop  Experimental  Field,  Sand  Farm,  Southern  Indiana  Forage  Farm, 
and  the  former  Crops  and  Soils  Farm  and  Jennings  County  Field.  Short 
time  studies  have  been  conducted  at  many  outlying  locations  in  the  state 
and  at  certain  other  Purdue  University  farms.  The  soil  survey  has 
contributed  to  a  fuller  understanding  of  the  soils  and  their  management 
problems  in  Indiana.  The  permanent  Stations  have  been  selected  on 
representative  and  widespread  soils  to  help  answer  general  and  specific 
problems  as  they  arose  and  to  do  basic  research  in  anticipation  of 
future  problems. 

Obviously,  only  a  portion  of  some  300  soil  series  in  Indiana  has 
been  represented  on  our  Stations  or  tested  at  outlying  spots  and  we 
cannot    expect    a    much    better    sampling    in    the    foreseeable    future.     It 
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is  necessary  then  to  interpret  as  widely  as  possible  from  the  soils  tested 
to  other  soils  not  tested.  Untested  soils  closely  like  those  of  the  Stations 
as  to  chemical  and  physical  makeup  should  respond  about  the  same 
to  tillage,  fertility,  and  other  management  practices.  Also  they  should 
have  nearly  the  same  water  holding  capacity  and  respond  similarly  to 
drainage.  Thus,  it  is  logical  to  group  such  soils  and  classify  their  man- 
agement problems  and  solutions  together.  This  way,  we  can  more 
clearly  understand  soil  relationships  and  we  can  make  limited  data 
on  our  many  soils  spread  farther  with  greater  surety.  Perhaps  even 
more  importantly,  we  can  compress  the  great  number  of  individual 
soils  to  a  relatively  few  groups  which  have  common  management  prob- 
lems. Also  we  can  much  more  easily  remember  the  main  characteristics 
of  a  few  groups  of  soils  and  the  facets  of  their  management. 
Soil  Groupings  for  Indiana: 

An  important  part  of  the  Agronomy  Handbook  prepared  by  the 
Agronomy  Department  and  Soil  Conservation  Service  people  1  is  the 
arrangement  of  Indiana  soils  into  seventeen  broad  groups  based  on 
similarities  in  characteristics  affecting  their  use  and  management.  Some 
are  further  subdivided  due  to  special  problems.  Thus,  the  300  soil 
series  recognized  in  Indiana  are  included  in  35  management  groups 
to  each  of  which  a  basic  rotation  suitable  for  maintaining  a  high  level 
of  production  is  assigned. 

Each  management  group  is  characterized  by  a  well  known  important 
soil.  Other  soils  grouped  with  it  are  enough  like  this  that  they  behave 
similarly  and  react  about  the  same  to  management.  An  example  is  the 
Vigo  silt  loam  group. 

This  is  one  of  a  group  of  acid  soils,  derived  from  thin  silts  over 
Illinoian  glacial  till,  which  require  drainage  and  liming.  The  group 
is  described  as  "formed  from  good  material  with  adequate  water 
holding  capacity,  so  thoroughly  leached  that  acidity  is  high  and 
fertility  levels  are  relatively  low.  There  is  usually  a  distinct  pan 
which  interferes  with  internal  drainage,  and  since  the  subsoil  is 
strongly  acid  to  great  depths,  the  land  is  unsuited  for  deep  rooted 
legumes  such  as  alfalfa.  However,  such  land  is  very  responsive 
to  good  management  practices." 

Included  with  the  Vigo  are  the  well  known  Clermont,  Avonburg, 
and  Dubois  soils  and  19  other  less  extensive  soil  series.  The  basic  rota- 
tion is  row  crop,  row  crop,  grain,  and  meadow  crop,  which  should  give 
adequate  erosion  protection  and  maintain  tilth  for  this  normally  nearly 
level  group  of  soils.  More  sloping  situations  would  call  for  a  less  inten- 
sive rotation  including  more  grass. 

There  are  18  usable  rotations  for  Indiana  soil  conditions  listed  in  the 
Agronomy  Handbook.  These  allow  farmers  a  wide  choice  to  select  their 
crop  and  livestock  needs  and  to  protect  their  soils. 

The  Agronomy  Handbook,  prepared  in  1956,  is  already  a  widely  ac- 
cepted working  tool  for  farm  advisors  in  the  state.  Because  it  includes  a 
wealth  of  agronomic  data  on  both  crops  and  soils,  abbreviated  and 
arranged  for  ready  use,  it  is  often  referred  to  as  the  agronomic  "Bible" 
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by  field  people.    It  is  a  fine  example  of  cooperative  effort  in  "stream- 
lining" soils  and  crops  information  for  practical  use. 
Soil  groupings  for  Scott  County: 

Let  us  see  how  a  modern  soil  survey  report  has  discussed  the  man- 
agement of  31  soil  series  and  5  land  types  mapped  in  recent  years  in 
Scott  County. ^  Based  on  variation  in  slopes  and  thickness  of  remaining 
topsoil,  these  31  series  have  been  subdivided  into  155  actual  mapping 
units.  On  the  published  maps  with  aerial  photographic  background,  there 
will  be  many  small  areas  which  are  different  in  soil  type,  percent  of 
slope  or  degree  of  erosion.  Many  fields  will  contain  two  or  more  soil 
series  which  may  differ  among  themselves  as  to  best  use  and  manage- 
ment. 

Recognizing  that  there  are  many  possible  uses  for  Scott  County 
lands,  these  many  soils  have  been  placed  into  suitability  groups  for 
different  purposes.  In  later  surveys,  like  this  one,  proper  land  use  and 
soil  management  are  discussed  in  accordance  with  the  capability  of  land 
for  safe  and  efficient  long  time  production. 
Groupings  for  Cropland  and  Pasture: 

The  soils  of  Scott  County  have  been  arranged  into  18  groups  ac- 
cording to  their  suitability  for  cropland,  pasture,  and  forest.  They  are 
grouped  according  to  their  capability  for  long  time  production  according 
to  their  particular  hazards  in  management.  Following  is  an  example 
of  one  of  these  18  management  groups,  including  several  important 
agricultural  soils  of  the  county. 

Soils  of  Capability-Management  Group  VIIe-3.3 

This  is  a  group  of  gently  sloping,  imperfectly  drained,  strongly 
acid  soils  with  restrictive  subsoil  layers  or  pans.  Some  have  been 
thinned  considerably  by  past  erosion.  For  good  yields  of  most  crops, 
some  form  of  drainage  is  needed. 

Avonburg  silt  loam,  0-2%  slopes 

Avonburg  silt  loam,  2-6%  slopes 

Avonburg  silt  loam,  2-6%  slopes,  moderately  eroded 

Dubois  silt  loam,  0-2%  slopes 

Dubois  silt  loam,  2-6%  slopes 

Dubois  silt  loam,  2-6%  slopes,  moderately  eroded 

Johnsburg  silt  loam,  (0-2%  slopes) 

Whitcomb  silt  loam,  (0-2%  slopes) 

The  main  problems  in  handling  these  soils  are  set  forth  and  the  principal 
management  needs  are  stressed.  They  are  nearly  level  and  gently 
sloping  soils  which  are  well  suited  for  cropland  and  pasture  and  have 
high  yielding  capacity  if  well  managed.  While  some  areas  have  been 
thinned  by  past  erosion,  this  has  not  necessitated  a  change  in  soil 
management. 


2  A  standard  detailed  soil  survey  recently  submitted  for  publication  by 
the  U.  S.  Soil  Conservation  Service  and  Purdue  Agricultural  Experiment 
Station. 

3  Class  II  lands  have  limitations  in  use,  the  wl  indicating-  that  the  main 
hazard  is  periodic  wetness  due  to  slow  drainage.  Another  group  of  Class  II 
lands  are  moderately  wet  bottomland  soils  designated  as  IIw2. 
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Groupings  for  Forestry: 

A  second  group  of  soils  suited  only  to  a  permanent  cover  because 
of  shallowness  and  erodibility  are  given  below  to  illustrate  where  forestry 
is  the  best  practice. 

Soils  of  Management  Group  10.  Capability  Class  Vile.4 

This  is  a  group  of  strongl  ysloping,  shallow  and  moderately  deep 

This  is  a  group  of  strongly  sloping,  shallow  and  moderately  deep 
They  are  too  steep  and  shallow  for  crop  production  and  have  only  limited 
use  for  pasture. 

Cincinnati  silt  loam,  25-35%  slopes 

Colyer  soils,  12-25%  slopes 

Colyer  soils,  25-60%  slopes 

Finley  silt  loam,  25-35%  slopes 

Grayford  silt  loam,  25-35%  slopes 

Jennings-Colyer  silt  loam,  18-25%  slopes 

Kinderhook  silty  clay  loam,  12-18%  slopes 

Kinderhook  silty  clay  loam,  18-35%  slopes 

Muskingum  silt  loam,  25-35%  slopes 

Muskingum  silt  loam,  35-70%  slopes 

Trappist  silt  loam,  18-25%  slopes 
Here  the  reader  is  referred  to  the  Forestry  Section  of  the  report  for 
management  of  timber  lands.  In  a  table  there,  the  Colyer  and  Kinderhook 
soils  are  shown  to  have  the  lowest  potential  production  rate  for  timber 
in  the  county,  while  Muskingum  is  somewhat  better.  All  the  soils  are 
rated  at  three  stand  density  levels. 

In  a  tree  planting  guide  the  soils  of  the  county  are  grouped  for 
tree  planting  purposes  into  five  different  groups,  with  the  adapted  tree 
species  listed  for  protected  cool  sites  and  exposed  hot  sites. 
Soil  Characteristics  Important  in  Engineering: 

Still  another  table  includes  for  each  soil  its  important  characteristics 
influencing  use  for  conservation  engineering.  These  include  kind  of  rock 
below  the  soil  and  soil  depth  range,  the  texture  of  soil  and  subsoil  and 
the  estimated  permeability  and  infiltration  rates.  Special  drainage  prob- 
lems and  solutions  and  suitability  for  irrigation  and  for  the  construction 
of  ponds  or  terraces  are  stressed. 

These  examples  of  soil  groupings  and  condensed  tables  of  important 
features   should   illustrate   some   of  the  modern   trends  in  handling  soil 
data  in  Scott  County. 
Maps  to  be  Published  on  Air  Photo  Background: 

As  indicated  above,  the  maps  will  be  published  on  an  aerial  photo 
background,  the  same  as  the  original  photographs  used  in  field  map- 
ping. Studies  indicate  that  people  can  locate  themselves  on  such  a 
map  and  find  soil  areas  more  readily  than  on  the  conventional  colored 
maps.  The  first  maps  like  these  were  published  for  a  Virginia  county 
and  were  well  received.    They  are  expected  to  fulfill  the  needs  of  Soil 


4  These  have  severe  limitations  for  use  even  under  a  permanent  cover 
because  of  hazard  of  runoff  and  erosion  indicated  by  lower  case  e.  Low 
water  holding  capacity  is  due  to  shallow  soils.  A  second  group  of  Class  VII 
soils  consists  of  deeper  soils  which  are  steep,  severely  eroded  and  gullied. 
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Conservation    Service    farm    planners    and    engineers    and    other    farm 
advisors    without   need   for   further   field   work.     Provisions    are    being 
made   to   publish   extra   copies    of   the   maps   for   distribution   in   farm 
plans  or  otherwise. 
Block  Diagrams  to  Tie  Soils  to  Landscapes  and  Parent  Materials: 

Three  dimensional  block  diagrams  allow  readers  to  see  at  a  glance 
the  relations  of  soil  series  to  the  characteristic  pattern  of  slopes  and 
to  their  normal  kinds  of  parent  material.  Use  of  these  has  proven 
very  helpful  to  users  of  maps  and  reports  in  getting  quickly  the  soil 
relations  explained  in  detail  in  the  reports.  It  is  said  that  a  picture 
is  worth  a  thousand  words  and  possibly  this  may  be  true  for  such  dia- 
grams. Late  Indiana  reports  have  carried  these  diagrams  and  their 
use  will  be  continued.  This  is  our  last  example  of  "streamlining"  the 
survey  reports  for  practical  use. 
Are  Present  Detailed  Separations  Necessary? 

Some  may  wonder  why  certain  soil  separations  are  made  originally 
if  they  are  lumped  into  a  fairly  small  number  of  groups  for  management. 
We  must  remember  though,  that  the  soils  are  not  grouped  the  same 
for  all  purposes.  A  grouping  for  tree  planting  differs  from  a  grouping 
for  potential  forest  site  productiveness.  An  engineering  group  of  soils 
for  highway  construction  differs  markedly  from  a  grouping  of  soils 
for  drainage  or  irrigation.  In  other  words,  we  need  the  basic  soil  dif- 
ferences clearly  defined  and  mapped.  We  make  the  groupings  as  we 
learn  about  the  soils,  how  they  relate  and  how  they  handle  for  different 
purposes.  Surveys  made  to  determine  land  areas  suited  for  a  special 
purpose  have  been  made  in  the  past  but  they  are  costly  in  the  long 
run  for  we  can  use  them  for  little   else  than  the   original   objectives. 

Neither  can  we  understand  all  the  important  soil  features  we  may 
later  need  to  meet  some  future  demands  on  our  soils.  A  case  in  point 
may  illustrate  this.  Eighteen  years  ago  in  the  mapping  of  lake  laid 
clay  soils  in  the  east  central  part  of  Newton  County,  considerable 
variation  was  allowed  in  the  mapping  of  a  soil  called  Julian  silty  clay 
loam.  In  it  is  a  good  bit  of  soil  now  recognized  as  Rensselaer  silty 
clay  loam.  Intensification  of  use  demanded  improved  drainage  and 
experience  shows  that  the  Rensselaer  responds  well  to  tiling  because 
of  its  stratified  silty  and  sandy  substratum.  By  contrast  the  Julian 
areas  drain  poorly  because  of  tough  tenacious  silty  clay  subsoils  and 
substrata.  Because  the  two  soils  were  not  separated  and  cannot  be  de- 
tected easily  from  surface  appearances,  they  must  be  remapped  now  as 
demands  for  drainage  increases.  If  enough  time  had  been  spent  in 
studying  the  soils  to  see  that  the  situation  existed,  they  could  have 
been  separated  during  the  original  survey. 

A  parallel  situation  exists  in  southern  Indiana  lake  laid  clay  areas 
involving  the  Caborn  and  Uniontown  soils  which  are  superior  for  tiling 
but  were  not  separated  in  original  mapping  from  Montgomery  and 
McGary. 

While  some  separations  made  in  present  detailed  surveys  may  have 
little  immediate  value,  we  should  never  feel  that  they  are  valueless.  As 
greater  demands  are  put  on  our  soils  for  crop  production,  construction 
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and  many  other  possible  uses,  we  will  surely  want  to  know  more  about 
the  soils  of  our  land. 

No  one  is  more  keenly  aware  of  the  need  for  better  and  more  com- 
plete information  to  interpret  our  soils  than  the  field  soil  scientist. 
It  is  a  job  he  cannot  do  alone.  He  needs  solid  help  from  all  persons 
involved  in  agronomic  and  soil  engineering  research.  With  team  work 
we  can  get  a  better,  more  accurate  and  useful  survey  map  and  report. 
Much  has  been  done  in  the  past  to  get  as  far  as  we  are  now.  Surely, 
progress  will  be  faster  in  the  future  as  we  build  on  the  framework 
already  laid  and  make  all  possible  use  of  the  mass  of  accumulating 
data  which  can  apply  to  our  soils  and  their  uses. 
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Growth  Rate  of  the  Boa  Constrictor.  William  B.  Hopp,  Indiana 
State  Teachers  College. — Observations  were  made  on  the  food  intake 
and  growth  rate  of  two  specimens  of  boa  constrictor  (Constrictor  con- 
strictor). Over  a  period  of  26  months,  a  juvenile  individual  increased 
28.5  centimeters  in  length,  from  53.5  centimeters  to  82.0  centimeters, 
and  gained  218.7  grams  in  weight,  from  43.5  grams  to  262.2  grams.  In 
25  months,  a  partially-grown  specimen  increased  approximately  20 
centimeters  in  length,  from  1750  centimeters  to  1770  centimeters,  and 
gained  420.5  grams,  from  1621.5  grams  to  2042  grams,  in  weight. 

The  Effect  of  Graded  Dosages  of  Lithospermum  ruderale  on  Ovula- 
tion in  the  Hen.  Frank  J.  Zeller,  Indiana  University. — Our  laboratory 
has  been  interested  for  the  past  few  years  in  the  effects  of  extracts 
of  the  plant  Lithospermum  ruderale  on  the  female  reproductive  system. 
The  extracts  have  been  shown  to  inhibit  ovulation  in  both  mice  and 
laying  hens  and  this  activity  is  believed  to  be  a  result  of  an  inhibiting 
action  on  the  interstitial  cell  stimulating  hormone  of  the  anterior  pitu- 
itary gland.  The  term  lithosperm  is  used  as  a  generic  designation  for 
the  hormone  inhibiting  principle,  or  principles,  present  in  the  genus 
Lithospermum.  In  an  attempt  to  determine  an  effective  lithosperm 
dosage  three  separate  amounts  of  a  spray-dried  water  soluble  powder 
from  an  active  extract  were  administered  to  laying  hens  on  the  basis 
of  body  weight.  These  dosages,  per  100  grams  body  weight,  were  as 
follows:  0.5  mg.,  1.5  mg.,  and  2.5  mg.  The  lithosperm  was  injected 
daily  for  14  days  and  a  daily  egg  laying  record  was  kept  for  14  days 
before  and  after  the  experimental  period  as  well  as  during  the  period. 
The  results  indicated  that  only  the  highest  dosage  of  lithosperm,  2.5 
mg.  per  100  grams  body  weight,  was  successful  in  stopping  ovulation. 
Comb  size  was  also  depressed  by  this  dosage  but  not  by  the  lower 
two  concentrations  of  the  lithosperm.  It  would  appear,  therefore,  that 
there  is  a  threshold  level  of  effect  for  the  lithosperm  and  this  would 
indicate  that  there  may  be  a  threshold  level  for  the  interstitial  cell 
stimulating  hormone  which  is  necessary  to  cause  ovulation. 

Mammals  of  Ripley  and  Jefferson  Counties,  Indiana.  DwiGHT  Lind- 
say, Georgetown  College,  Kentucky. — A  study  was  made  of  the  mam- 
mals of  Ripley  and  Jefferson  Counties,  Indiana,  to  determine  the  occur- 
rence of  species  in  the  area  and  to  relate  their  occurrence  to  the  known 
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distribution.  This  area  is  largely  composed  of  an  unusual  physiographic 
feature  of  low  relief  and  poor  drainage  known  as  the  "flats." 

Field  studies,  including  observations  and  collections  were  made 
over  a  period  of  six  years.  The  mammals  were  trapped,  shot,  taken 
by  hand,  found  dead  or  obtained  from  trappers  and  hunters.  Museum 
skins  and  skulls  were  prepared  from  these  specimens.  Local  residents 
were  interviewed  concerning  their  knowledge  of  the  past  and  present 
occurrence  of  easily  recognized  mammalian  species.  Museum  specimens 
of  mammals  from  this  area  were  examined.  Particular  attention  was 
given  to  establishing  the  taxonomic  status  of  critical  subspecies.  These 
results  were  correlated  with  the  known  distribution  as  given  in  the 
literature. 

Thirty-five  species  of  native  or  naturalized  mammals  were  found 
to  inhabit  the  area,  and  twenty-four  additional  species  were  listed  as 
possible  inhabitants  because  their  known  ranges  are  nearby.  Gaps 
in  known  distributions  were  filled  in  some  cases  but  unexplained  anoma- 
lies remain  in  others.  The  mammalian  response  to  the  changing  eco- 
logical complex  as  indicated  by  the  past  and  present  occurrence  of  the 
several  species  provided  a  basis  for  the  study.  The  ecological  situation 
in  this  area  is  basically  one  of  disclimax,  in  which  the  mammals  are 
responding  as  a  major  part  of  the  ecosystem.  It  is  in  the  light  of 
this  readjustment  that  the  present  status  of  the  mammalian  fauna  is 
studied  and  speculations  made  concerning  its  future. 

Effects  of  Removal  and  Replacement  of  a  Diffusible  "Cleavage  Fac- 
tor" in  Disaggregated  Frog  Blastomeres.  Charles  F.  Lytle,i  Indiana 
University. — Small  numbers  of  disaggregated  blastomeres  from  the  blas- 
tula  of  Rana  pipiens  (Shumway  stage  8)  isolated  in  a  Ca++ — Mg+  + 
free  medium  (modified  Niu-Twitty  solution)  divide  only  once  or  twice 
and  stop.  This  occurs  at  a  time  when  these  cells  would  be  dividing 
rapidly  in  vivo.  Further  experiments  indicate  that  this  failure  to  con- 
tinue normal  division  may  be  due  to  the  loss  of  a  diffusible  'cleavage 
factor'  associated  with  the  increased  permeability  of  the  cells  in  a 
Ca++ — Mg++  free  medium. 

Observations  which  support  this  explanation  include  the  following: 
(1)  large  numbers  of  blastomeres  from  whole  disaggregated  embryos 
continue  to  divide  many  times  in  a  Ca++ — Mg++  free  medium;  (2)  small 
numbers  of  cells  isolated  in  the  supernatant  of  whole  disaggregated 
embryos  also  continue  to  divide  many  times;  (3)  small  numbers  of 
cells  isolated  in  regular  Niu-Twitty  solution  (containing  Ca++  and 
Mg+  +  )  divide  fewer  times  than  cells  in  the  supernatant  but  more  times 
than  cells  in  a  Ca++ — Mg++  free  medium. 

Surface  phenomena  may  be  directly  involved  in  these  differences 
in  cleavage  but  morphological  observations  on  the  cells  indicate  that 
a  more  likely  explanation  is  the  release  and  reentry  of  a  diffusible 
'cleavage  factor'.  Preliminary  experiments  indicate  that  depletion  of 
this  'cleavage  factor'  may  be  involved  in  the  eventual  slowing  of  divi- 
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sion  observed   in   isolated  cells   and   may  also  be  important  in  normal 
control  of  division  rates  in  vivo. 

The  Effects  of  an  Ataractic  Drug  on  Oxygen  Consumption  and  Sur- 
vival to  Decompression.  James  D.  Witherspoon  and  William  A.  Hie- 
stand,  Purdue  University. — Adult  Rockland  Swiss  mice  were  subjected 
to  rapid  decompression  at  47  mm.  Hg.,  226  mm.  Hg.  and  at  179  mm. 
Hg.  Survival  and  oxygen  consumption  of  control  animals  were  com- 
pared with  those  receiving  25  mg./kg.  of  chlorpromazine  at  2  hours 
previous  to  each  test.  Rapidly  decompressed  ataractic-treated  animals 
tolerate  hypoxia  for  much  longer  periods  than  do  controls.  Under  less 
severe  decompression  the  rate  for  control  mice  is  considerably  increased 
by  slow  decompression.  The  greater  adaptability  seems  to  enhance 
survival  in  certain  cases. 

Spinal  Blocking  Frogs  for  Physiology  Laboratory  Study.  Jack  W. 
Edds,  Indiana  State  Teachers  College. — A  spinal  blocking  method  was 
devised  to  take  place  of  pithing.  The  spinal  block  is  accomplished  by 
a  solution  of  Adrenalin  Chloride  and  Novocain  injected  into  the  spinal 
canal.  The  specimen  may  be  used  immediately  for  study  of  capillary 
flow,  opening  of  the  body  cavity,  or  other  physiological  experiments. 
The  frogs  that  receive  the  spinal  block  for  capillary  study  will  revive 
in  a  few  hours  and  may  be  used  again.  The  frogs  maintain  an  almost 
normal  heart  rate  for  a  long  period  of  time,  even  when  the  body 
cavity  is  opened  for  observations  and  physiological  experiments.  The 
method  is  quick  and  results  are  more  nearly  normal  than  those  when 
the  usual  pithing  procedure  is  used.  The  method  is  inexpensive  and 
utilizes  compounds  that  may  be  easily  acquired  by  any  high  school 
or  college  laboratory. 


Effect  of  Abnormal  Incubating  Temperature  on  Chick  Behavior 

W.  C.  Gunther,  Valparaiso  University 

Introduction 

Through  the  years  many  investigators  have  been  interested  in 
the  effects  of  temperature  on  the  development  of  chicks.  Classically, 
Fere  (2)  studied  the  effects  of  temperature  on  the  stages  of  develop- 
ment in  chick  eggs.  Edwards  (1)  determined  the  physiological  zero 
of  chick  eggs.  In  more  recent  times,  attention  has  been  centered  on 
specific  incubation  temperatures  and  their  effects  on  development  and 
hatchability.  (5). 

Harrison  and  Klein  (4)  incubated  eggs  at  25°  C  for  2  to  15  days. 
Various  abnormalities  and  degenerative  phenomena  developed  in  the 
embryos.  These  authors  noted  that  when  embryos  (among  which 
were  anomalous  forms)  were  returned  to  the  optimum  incubation  tem- 
peratures, many  continued  to  develop  normally.  For  what  length  of 
time  normal  development  went  on  was  not  stated.  Apparently  no 
attempts  were  made  to  hatch  the  eggs,  and  no  neural  tube  anomalies 
were  reported. 

Harrison  (3)  followed  the  in  vitro  development  of  embryos  after 
exposure  to  lowered  temperatures  in  ovo.  Various  anomalies  were  re- 
ported. Again  no  attempt  was  made  to  determine  the  effects  of  altered 
temperature  on  the  behavior  of  chicks  hatched  from  such  eggs. 

Many  works  could  be  cited  concerning  physiological  mechanisms 
in  development  (8;  9;  10).  The  research  reported  herein  is  preliminary 
to  a  proposed  extended  investigation  covering  the  effects  of  altered  incu- 
bating temperatures  on  the  brain  and  on  the  behavior  of  chicks  hatched 
under  these  circumstances.  This  report  concerns  some  aspects  of  behavior 
and  of  gross  appearance  of  chicks  hatched  from  eggs  which  had  under- 
gone abnormal  incubating  temperatures. 

Materials  and  Methods 

Ninety-six  fertile  chick   eggs  were   incubated  under  the   following 
conditions  (all  temperatures  in  this  paper  are  reported  as  centigrade): 
Nine  eggs  incubated  at  37.5°  for  22-23  days   (normal 
controls) 

Nine  eggs  incubated  for  12  days  at  25°,  then  placed  in 
normal  temperature  incubator 

Nine  eggs  incubated  for  11  days  at  25°,  then  placed  in 
normal  temperature  incubator 

Nine  eggs  incubated  for  12  days  at  34°,  then  placed  in 
normal  temperature  incubator 

Nine  eggs  incubated  for  11  days  at  34°,  then  placed  in 
normal  temperature  incubator 

Nine  eggs  incubated  for  10  days  at  41°,  then  placed  in 
normal  temperature  incubator 
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Nine  eggs  incubated  for  5  days  at  41°,  then  placed  in 

normal  temperature  incubator 

Nine  eggs  incubated  at  normal  temperature  for  5  days, 

then  placed  in  10°  incubator  for  24  hours  and  returned 

to  normal  temperature  incubator 

Nine  eggs  incubated  at  normal  temperature  for  4  days, 

then  placed  in  10°  incubator  for  24  hours  and  returned 

to  normal  temperature  incubator 

Seven  eggs  incubated  at  normal  temperature  for  5  days, 

then  placed  in  1°  incubator  for  24  hours  and  returned 

to  normal  temperature  incubator 

Eight  eggs  incubated  at  normal  temperature  for  4  days, 

then  placed  in  1°  incubator  for  24  hours  and  returned 

to  normal  temperature  incubator 
Three  homemade  incubators  with  wafer  thermostats  were  utilized 
for  the  41-,  34-,  and  25-degree  lots.  A  Montgomery  Ward  Standard 
Forced  Air  416-egg  incubator  provided  the  normal  temperature  for 
the  eggs.  An  ordinary  refrigerator,  carefully  calibrated,  was  utilized 
for  the  10-  and  1-degree  lots.  The  newly-hatched  chicks  were  color 
coded  and  then  placed  in  a  100-chick  capacity  battery  brooder.  Standard 
starter  mash  (Purina)  was  fed  to  the  birds. 

The  appearance  of  the  birds  was  noted  daily.  The  ability  of  seem- 
ingly abnormal  birds  to  eat,  drink,  walk,  and  right  themselves  was 
compared  with  that  of  normal  birds.  The  experiment  was  concluded 
when  the  birds  were  about  six  weeks  of  age. 

Results 

All  eggs  in  the  control  group  hatched  in  23  days,  and  were  normal 
in  all  respects. 

Six  of  the  eggs  incubated  at  25°  for  11  and  12  days  and  then 
placed  in  the  normal  temperature  incubator  hatched  in  37  days.  This 
is  in  itself  rather  remarkable.  Full-term  but  recently  dead  embryos 
were  in  the  remaining  12  eggs.  Apparently  these  unhatched  chicks 
did  not  have  enough  energy  to  open  the  eggs.  The  six  chicks  hatched 
were  in  fair  physical  condition,  but  failed  to  match  the  size  of  the 
normal  chicks  by  the  time  the  experiment  was  terminated.  The  six 
chicks  could  peck  normally,  but  appeared  to  be  rather  lethargic.  Where 
the  normal  birds  would  run  for  their  food,  these  would  slowly  make 
their  way  toward  the  feeding  troughs.  Coordination  appeared  to  be 
consistent  with  their  degree  of  lethargy.  They  did  exhibit  a  rather 
precocious  feather  development. 

Of  the  12  eggs  hatched  in  23,  24,  and  26  days  at  34°  (for  11  and  12 
days  and  then  placed  in  normal  incubator),  4  were  crippled  badly  in 
both  feet,  had  very  poor  coordination,  and  were  completely  unable  to 
eat  and  drink.  The  remaining  chicks  in  this  group  appeared  normal. 
Six  eggs  failed  to  hatch. 

Eggs  incubated  at  41°  for  10  days  failed  to  hatch.  Seven  out  of  9 
incubated  for  5  days  at  41°  hatched.  Of  this  group,  one  was  crippled 
badly  in  both  feet,  lacked  coordination,  and  couldn't  eat  or  drink.  One 
was  normal  in  appearance,  but  pecked  only  at  food  under  its  body  and 
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in  so  doing  would  flop  over  on  its  back.  When  on  its  back  it  could  right 
itself  only  with  the  greatest  difficulty.  A  third  bird  was  normal  in 
appearance  but  could  not  peck,  eat,  or  drink.  Its  head  was  cocked  and 
the  chick  lacked  coordination.  The  other  4  were  normal. 

Nine  out  of  18  eggs  incubated  at  10°  for  24  hours  hatched.  Of 
these,  2  chicks  were  badly  crippled  in  both  feet,  lacked  coordination,  and 
couldn't  eat  or  drink.  One  bird  was  crippled  in  the  right  foot,  which 
extended  at  a  right  angle  as  it  walked  along.  In  this  bird,  however, 
coordination  appeared  to  be  good.  The  remaining  six  chicks  appeared 
normal. 

No  eggs  hatched  at  incubating  temperatures  of  1°  for  24  hours. 

Discussion 

The  positive  results  obtained  in  this  pilot  experiment  encourage 
further  investigation  into  the  nature  of  these  abnormalities.  The  ques- 
tion to  be  considered  is  whether  the  different  temperatures  exerted  a 
direct  effect  on  the  nervous  system  of  the  chick  and  so  produced  the 
anomalies,  or  whether  these  effects  were  exerted  directly  on  the  muscles. 

When  the  results  of  Harrison's  (3)  experiment  are  taken  into 
consideration,  it  might  very  well  be  inferred  that  the  effects  of  tem- 
perature on  development  in  these  chicks  are  of  neural  origin.  Harri- 
son's low-temperature  embryos  had  various  brain  and  neural  tube 
abnormalities.  Furthermore,  it  does  not  seem  likely  that  muscular 
malformation  alone  could  produce  lethargy,  inability  to  eat  or  drink, 
and  lack  of  coordination.  Some  of  the  chicks  even  had  symptoms  closely 
resembling  human  mental  retardation. 

It  is  interesting  to  note  that  chicks  hatched  from  eggs  incubated 
at  below-normal  temperatures  had  the  same  abnormalities  as  those 
hatched  at  above-normal  temperatures.  Apparently  lower  temperatures 
have  as  deleterious  effects  as  higher  temperatures.  This  is  consistent 
with  the  findings  of  Romijn  and  Lokhorst  (6,  7)  that  chick  embryos 
show  a  poikilothermia  until  hatched.  A  gradually  increasing  homo- 
thermia  then  develops  until  the  chick  is  about  7  days  old,  after  which 
the  bird  is  typically  homothermic.  Thus,  any  effect  of  altered  incubation 
temperatures  on  the  embryo  could  be  similar  at  higher  and  lower  tem- 
peratures if  homothermia  were  not  a  critical  factor  in  the  embryonic 
chick. 

Several  important  aspects  involving  the  effects  of  environmental 
stress  on  development  should  now  be  investigated. 

It  seems  desirable  to  incubate  eggs  on  a  trial  and  error  basis  at 
temperatures  other  than  those  already  used.  Of  course,  it  is  also  neces- 
sary to  incubate  more  eggs  at  the  temperatures  already  used.  Once 
incubating  temperatures  which  will  give  consistent  results  in  producing 
anomalous  conditions  in  young  birds  are  established,  attention  can  be 
directed  toward  learning  what  metabolic  mechanisms  are  involved  in 
producing  these  abnormalities.  Study  of  these  mechanisms  will  involve 
the  cyto-  and  histo-chemical  treatment  of  embryonic  and  adult  neural 
tissues,  including  the  observation  of  reducing  enzyme  systems.  It  is 
also  highly  probable  that  the  activity  of  respiratory  and  certain  other 
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enzyme  systems  can  be  measured  by  means  of  the  Warburg  apparatus. 
Once  the  metabolic  pathways  are  established,  attention  can  be  directed 
toward  preventive  or  corrective  measures. 

Summary 

Ninety-six  chick  eggs  were  incubated  under  various  conditions  of 
abnormal  temperatures. 

Eggs  subjected  to  either  higher  or  lower  than  normal  temperatures 
for  varying  periods  of  time  during  incubation  produced  chicks  with 
abnormal  physical  development  which  appeared  to  be  of  neural  origin. 
Some  chicks  showed  signs  of  mental  retardation,  very  similar  to  that 
observed  in  humans. 

Further  inquiry  into  the  nature  of  these  abnormalities  is  necessary, 
along  with  investigation  of  the  metabolic  pathways  involved. 
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Eggs  and  Young  of  the  Lizard,  Eumeces  fasciatus 

Albert  E.  Reynolds,  DePauw  University 

A  deep  and  abiding  interest  in  the  herpetofauna  that  extends  back 
for  more  than  two  decades  has  meant  the  seasonal  collection  of  various 
and  sundry  live  specimens,  and  the  maintenance  of  these  in  the  labora- 
tory for  varying  periods  of  time.  Occasionally  gravid  females  were 
included  and  eggs  were  laid  in  the  laboratory.  An  especial  interest  in 
various  aspects  of  the  biology  of  the  five-lined  (or  red-headed)  skink, 
Eumeces  fasciatus,  made  eggs  of  this  particular  species  the  objects  of 
special  attention,  and  from  this  there  accumulated,  irregularly  and 
over  a  period  of  years,  the  factual  information  upon  which  this  paper 
is  based.  Records  are  at  hand  on  a  total  of  eighty-one  eggs  that  were 
laid  in  eleven  clutches.  Completion  of  development  to  hatching  of  the 
young  lizard  occurred  in  50  eggs  or  61.7%  of  those  laid.  Other  authors 
have  mentioned  the  eggs  of  this  species  but  no  review  of  the  literature 
will  be  attempted  here;  reference  should,  however,  be  made  to  Fitch's 
(10)  excellent  and  comprehensive  work  on  the  life  history  and  ecology  of 
E.  fasciatus,  to  Smith's  (19)  handbook,  and  to  the  work  of  Noble  and 
Mason  (16). 

The  lizards  covered  by  this  report  were  maintained  in  screen  wire 
cages  with  sheet  metal  floors.  In  each  cage  about  half  of  the  floor  was 
covered  with  sod-like  moss  to  which  was  adherent,  underneath,  about 
one  to  IVa  inches  of  earth.  The  remainder  of  the  floor  was  bare  except 
for  a  few  strips  of  loose  bark  and  a  small  water  dish.  Water  was  kept 
in  the  dish  at  all  times,  the  moss  was  sprinkled  thoroughly  daily,  and 
mealworms  (Tenebrio  larvae)  were  offered  two  or  three  times  per  week 
as  food.  Cages  were  so  placed  in  the  laboratory  as  to  have  access  to 
some  sunlight  each  day.  Except  for  occasional  basking  in  the  sun,  the 
secretive  skinks  spent  much  time  concealed  under  the  strips  of  bark 
or  in  burrows  in  the  soft  earth  under  the  moss. 

Egg  Laying 

Of  the  eleven  clutches  of  eggs  encompassed  by  these  observations, 
seven  were  laid  in  the  recesses  in  the  soft  earth  beneath  the  moss  in  the 
cages,  and  four  were  laid  under  strips  of  bark.  Whether  or  not  the 
female  specifically  burrowed  a  nest  under  the  moss  could  not  be  deter- 
mined; Corrington  (7)  and  Ruthven  (17)  have  both  commented  on 
the  apparent  burrowing  activity  of  the  female  in  connection  with 
the  hollowed-out  site  in  which  eggs  were  laid.  Eggs  of  E.  fasciatus 
laid  under  bark  of  decaying  logs  have  been  recorded  by  Allard  (1), 
Blanchard  (2),  Corrington  (7),  and  Ruthven  (17).  Cagle  (6)  observed 
nests  in  the  interior  of  decaying  logs.  In  the  laboratory,  Ditmars  (9) 
observed  eggs  laid  under  strips  of  bark,  and  Noble  and  Mason  (16) 
had  eggs  laid  between  fragments  of  decaying  wood.    The  common  fea- 
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ture  in  all  these  reports  would  seem  to  be  the  protected  nature  of  the 
egg-laying  site. 

The  number  of  eggs  laid  per  clutch  may  be  seen  by  referring  to 
Table  1.  The  range  was  from  a  minimal  five  eggs  to  a  maximal  12 
eggs;  the  mean  for  the  eleven  clutches  was  7.4  eggs  per  clutch.  Other 
reports  on  clutches  laid  in  the  laboratory  vary  from  two  to  six  eggs 
(Ditmars,  9;  Burt,  5;  Klots,  13;  McCauley,  14;  Noble  and  Mason,  16). 
The  numbers  of  eggs  observed  in  clutches  laid  in  nature  have  tended 
to  be  somewhat  greater,  varying  from  five  to  15  eggs  per  clutch  (Allard, 
1;  Brimley,  4;  Burt,  5;  Cagle,  6;  Corrington,  7;  Smith,  18;  Strecker,  20; 
Taylor,  21;  Ruthven,  17;  McClellan,  Manseuti,  and  Groves,  15).  Cagle 
(op.  cit.)  reported  a  mean  of  9.15  eggs  per  clutch  based  on  26  clutches 
observed,  and  Fitch  (10),  after  a  study  of  even  more  ample  material, 
decided  that  9,  10,  and  11  eggs  is  the  most  typical  number  per  clutch. 
Fitch  also  found  evidence  that  larger  females  lay  more  eggs  than  do 
smaller  ones.  Noble  and  Mason  (16)  suggested  a  possible  "captivity 
effect"  operating  to  reduce  the  number  of  eggs  laid  by  female  skinks  in 
the  laboratory. 

As  to  time  of  egg-laying,  reference  to  Table  1  will  show  that  one 
clutch  was  laid  as  early  as  late  May,  another  as  late  as  early  July, 
while  the  remaining  nine  clutches  were  all  laid  during  June.  Clutch 
No.  7  was  laid  over  a  three-day  period,  and  Clutch  No.  8  was  laid 
over  a  four-day  period.  McClellan,  Manseuti,  and  Groves  (15)  reported 
a  clutch  of  eight  eggs  that  were  laid  over  the  period  June  30-July  5. 
If  reports  in  the  literature  of  earliest  observation  of  clutches  in  nature 
be  combined  with  reports  of  egg-laying  in  the  laboratory,  the  reports 
from  southern  locations  such  as  Arkansas  (Burt,  5),  Georgia  (Allard, 
1),  Mississippi  (Noble  and  Mason,  16),  and  South  Carolina  (Corrington, 
7)  indicate  egg-laying  from  May  through  July  8.  Similarly,  reports 
from  states  just  north  of  the  35th  parallel  of  latitude  such  as  Kansas 
(Burt,  5),  Maryland  (McClellan  et  al.  15),  and  Virginia  (Brady,  3)  indi- 
cate egg-laying  from  May  23  through  July  7.  From  states  which,  like 
Indiana,  lie  astride  the  40th  parallel  such  as  Illinois  (Cagle,  6)  and 
New  Jersey  (Klots,  13),  and  also  from  Michigan  (Ruthven,  17)  which 
lies  north  of  this  parallel,  egg-laying  has  been  reported  between  June 
22  and  July  23.  While  the  latter  records  are  just  a  little  later,  there 
is  much  overlap,  and  this  rough  attempt  to  classify  egg-laying  records 
according  to  geographic  area  does  not  reveal  a  clear-cut  latitudinal 
pattern. 

Incubation  Period 

Table  1  gives  the  incubation  periods  for  the  50  eggs  which  hatched 
in  all  clutches.  The  mean  incubation  period  was  29.62  days.  Seven 
eggs  hatched  in  as  short  a  period  as  22  days,  while  nine  eggs  required 
as  long  as  35  days.  In  the  specific  case  of  egg  No.  7  of  clutch  No.  8, 
the  time  from  laying  to  hatching  was  exactly  30  days  and  15  minutes, 
both  processes  having  been  observed  and  timed.  The  longest  period 
of  incubation  exhibited  by  these  clutches  is  the  same  as  the  average 
time  of  35  days  reported  by  Noble  and  Mason  (16)  for  six  clutches. 
The  shortest  period  of  22  days  is  not  greatly  different  from  a  24-day 
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incubation  period  reported  by  Cagle  (6).  McCauley  (14),  however,  re- 
corded a  clutch  that  exhibited  a  period  of  56  days,  and  Fitch  (10)  con- 
cluded  that   the   incubation   time    (in   nature)    approximated   six   weeks. 


Movement  and  Manipulation  of  the  Eggs 

The  first  four  clutches  involved  in  this  report  were  studied  by 
strictly  "observational"  methods  in  that  they  were  left  in  the  cages 
where  they  were  laid  by  the  female  skink  and  were  observed  at  fre- 
quent, usually  daily,  intervals.  The  manipulations  necessary  thereto 
usually  disturbed  the  adult  female  considerably,  and  her  movements 
would  roll  the  eggs  about  and  cause  them  to  become  coated  with  mud 
or  dirt.  Even  so,  these  hasty  but  oft-repeated  observations  gave  evidence 
of  changes  that  would  merit  study  by  more  specific  and  exacting  meth- 
ods. Although  Halver  (11)  had  reported  that  movement  injured  the 
embryo  of  Lacerta  sardoa,  the  disturbance  of  the  eggs  by  female  adults 
did  not  seem  to  interfere  with  hatching  of  E.  fasciatus,  and  the  same 
was  found  by  Noble  and  Mason  (16). 

Beginning  with  clutch  No.  5,  eggs  were  removed  from  the  cage 
in  which  they  were  laid  and  transferred  to  a  finger  bowl,  the  bottom 
of  which  was  covered  with  moist  moss.    The  clutch  of  eggs  was  then 


TABLE  1 

Laying   and   Hatching   Dates,   Number   per   Clutch,   and   the   Incubati 
Period  in  Eggs  of  Eumeces  fasciatus 


ion 


Clutch 

Eggs  Laid 

Eg 

gs 

Hatched 

Incubation 

Number 

Date 

No. 

Dat 

e 

No. 

in  Days 

1 

May    28 

5 

0 

2 

June      9 

7 

July 

9 

7 

30 

3 

June      9 

8 

July 

10 

8 

31 

4 

June   23 

7 

July 

15 

7 

22 

5 

June      8 

6 

July 

12 

4 

35 

6 

June   11 

8 

July 
July 

14 
15 

2 
5 

34 
35 

7 

June  16 

7 

July 
July 
July 

12 
14 
15 

1 
1 
:: 

27 
29 
30 

8 

June  19 
June  20 
June  23 

6 
1 
1 

July 
July 

19 

1!) 

l 
1 
0 

31 

30 

9 

June  19 
June   20 

10 

2 

July 
July 
July 

16 

it; 

17 

8 
1 
1 

2S 
2  7 

2  8 

10 

June  26 

7 

0 

11 

July   6-9 

6 

0 
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covered  with  moist  towel  paper,  three  sheets  thick,  and  the  bowl  was 
covered  with  a  glass  plate  to  prevent  undue  evaporative  loss.  Stream 
or  well  water  was  used  for  keeping  both  moss  and  towel  paper  moist. 
Eggs  that  were  dirty  or  discolored  were  held  with  blunt  forceps  in  a 
petri  dish  containing  about  3/8  inch  of  well  water,  and  stroked  gently 
with  a  No.  2  Red  Sable  brush;  this  procedure  usually  restored  the  clean 
white  original  color  of  the  eggs.  In  each  clutch  individual  eggs  were 
marked,  using  a  small  pen  and  India  Ink;  when  more  than  one  clutch 
was  on  hand,  each  clutch  was  in  a  separate  bowl.  These  arrangements 
made  possible  the  keeping  of  much  more  exact  records,  and  the  records 
were  extended  to  include  accurate  measurements  and  the  taking  of 
occasional  weights.  When  all  the  data  are  summarized  as  seen  in 
Table  1,  the  question  as  to  whether  manipulation  such  as  those  above 
were  actually  harmful  may  be  raised.  The  above  manipulations  were 
accorded  clutches  5  through  10  inclusive,  thus  involving  48  eggs  of 
which  28  or  about  58%  actually  hatched.  Clutches  1  through  4  were 
not  given  the  above  treatment,  but  were  subject  to  much  disturbance 
by  the  female  skink;  these  clutches  encompassed  27  eggs  of  which  22, 
or  over  81%,  hatched. 

The  eggs  of  clutches  5  through  10  were  subjected  occasionally  to 
an  additional  manipulation  which  involved  their  observation  through  a 
binocular  microscope  with  the  aid  of  an  "egg  candler"  improvised  as 
follows:  a  small  box-top  five-eighths  inch  deep  and  of  other  appropriate 
dimensions  was  placed  over  the  face  of  a  Spencer  substage  lamp  which 
lay  horizontally  with  light  shining  upward;  an  oval  aperture  somewhat 
smaller  than  a  lizard  egg  was  cut  where  maximal  light  would  pass 
through;  strips  of  masking  tape  fastened  these  items  together  and 
blocked  light  leaks.  Eggs  were  placed  on  this  device  and  observed  at 
night  with  room  lights  turned  off,  but  no  egg  was  left  on  the  candler 
for  as  much  as  one  full  minute  for  fear  of  heat  injury.  Little  could 
be  seen  in  eggs  candled  on  the  eighth  day  of  incubation,  but  on  the 
eleventh  day  embryonic  outlines  could  be  seen  and  movement  of  the 
embryo  could  be  detected  (Clutch  10).  On  the  15th  (Clutch  10)  and 
17th  (Clutch  8)  days  of  incubation  the  embryos  were  indistinct  and 
translucent  yet  in  some  cases  the  head,  trunk,  and  tail  regions  could 
be  distinguished  and  movement  could  be  seen  (Figure  3).  Observed  on 
day  18,  Clutch  6  exhibited  pigmented  eyes  and  identifiable  heads,  trunks, 
tails,  and  limbs;  the  pigmented  stripe  lateral  to  the  dorsal  midline 
could  be  seen  in  two  cases  and  barely  detected  in  two  others.  By  day 
25  of  incubation,  pigmented  stripes  and  body  regions  were  easily  ob- 
served (Figure  4).  On  day  33,  the  shell  of  egg  No.  3  of  Clutch  6  was 
punctured  opposite  the  snout  of  the  embryo  although  the  young  lizard 
did  not  emerge  until  day  35. 

Egg  Shape,  Size,  and  Proportion 

The  shape  of  the  egg  of  E.  fasciatus  (Figure  1)  has  been  variously 
described  as  oval  (Smith,  18),  short  to  long  oblong  (Brimley,  4),  and 
elliptical  (Allard,  1).  Allard  and  Brimley  recorded  egg  sizes,  and  a 
number  of  investigators  such  as  Noble  and  Mason  (16),  Taylor  (21), 
Cagle    (6),  McClellan   et  al.    (15),  and   Smith    (19)    have  presented  not 
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only  sizes,  but  also  evidence  that  the  eggs  changed  in  size  during  the 
course  of  incubation. 

Micrometer  calipers  were  used  to  measure  greatest  lengths  and 
diameters  of  the  eggs  of  Clutches  5  through  10  at  periodic  intervals. 
As  shown  in  Table  2,  this  resulted  in  an  over-all  sampling  of  size 
from  day  2  of  incubation  through  day  33.  Dimensional  ranges  were  from 
least  diameter  of  6.5  mm  and  length  of  9.7  mm  to  greatest  diameter 
of  11.6  mm  and  length  of  16.4  mm.  Central  tendencies  based  on  clutch 
averages  recorded  in  Table  2  make  it  amply  evident  that  egg  dimension 
was  not  static;  both  length  and  diameter  underwent  an  increase  during 
the  course  of  incubation  time  (Figure  2).  In  Clutches  7,  8,  9,  and 
10,  mean  length  increased  as  long  as  measurements  were  taken,  where- 
as Clutches  5  and  6  reached  a  maximum  mean  length  then  suffered 
a  decrease  prior  to  hatching.  Similarly,  mean  diameter  increased  pro- 
gressively in  Clutches  7  and  9,  while  in  Clutches  5,  6,  8,  and  10,  a 
post-maximum  decrease  occurred. 

If  attention  be  turned  to  individual  eggs  rather  than  clutch  means, 
egg  No.  7  of  Clutch  8  measured,  less  than  10  minutes  after  laying, 
11.5  x  7.2  mm,  and  thirty  days  later  (45  minutes  before  hatching)  it 
measured  13.4  x  9.7  mm.  During  its  incubation  this  egg  exhibited  a 
progressive  increase  of  1.9  mm  in  length  and  1.5  mm  in  diameter.  A 
total  of  197  length-diameter  determination  on  40  eggs  of  Clutches  5 
through  10  show  that  no  egg  failed  to  undergo  dimensional  change 
during  incubation.  Mean  length  increase  was  2.29  mm  or  20.4%  of 
initial  length  and  mean  diameter  increase  was  2.28  mm  or  29.7%  of 
initial  diameter.  In  sequential  pattern,  26  eggs  evinced  progressive 
length  increase  while  in  14  eggs  maximal  length  was  followed  by  some 
shortening.  In  diameter,  20  eggs  showed  progressive  increase  while 
20  eggs  decreased  some  in  diameter  after  reaching  a  maximum.  In 
spite  of  the  tendency  of  some  eggs  to  show  dimensional  decrease  prior 
to  hatching,  final  dimensions  as  a  rule  exceeded  initial  ones:  final 
diameters  were  greater  than  initial  ones  in  36  eggs,  less  than  initial 
ones  in  four  eggs;  final  lengths  were  greater  in  35  eggs,  less  in  5  eggs, 
than  initial  lengths. 

With  respect  to  egg  proportion,  or  relative  behavior  of  length  and 
diameter  on  a  time  sequence  basis,  Smith  (19)  implied  a  strict  propor- 
tionality of  change  in  the  two  dimensions  during  development,  but 
gave  credit  to  McClellan  et  al.  (15)  for  presenting  evidence  for  differ- 
ential change.  These  latter  authors  maintained  that  developmental 
change  favored  diameter,  resulting  in  a  less  elongated  shape  as  incuba- 
tion proceeds.  They  pointed  out,  however,  that  their  evidence  did  not 
include  both  initial  and  final  measurements  on  the  same  clutch.  To 
investigate  these  relationships,  for  each  length-diameter  determination 

length 

made  on  the  eggs  of  Clutches  5  through  10,  a  quotient  was 

diameter 
calculated  to  yield  a  ratio  (L/D),  changes  in  the  value  of  which  would 
accurately  reflect  relative   dimensional  behavior  of  the   egg  concerned. 
Clutch  means  of  these  L/D  ratios  are  included  in  Table  2.    For  all  197 
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TABLE  2 

Quantitative  Data  on  Eggs  at  Different  Days  of  Incubation 


Mean 

Mean 

Diam- 

Mean 

Mean 

Clutch 

Length 

eter 

D/D 

No. 

Weight 

No. 

Dat 

e 

Day 

m  m 

mm 

Ratio 

Eggs 

mg 

June 

10 

3 

12.7 

7.60 

1.67 

6 

June 

21 

11 

14.6 

9.95 

1.67 

6 

5 

June 

26 

19 

14.6 

10.70 

1.39 

5 

June 

30 

2:! 

14.9 

10.90 

1.37 

5 

July 

3 

26 

14.7 

10.60 

1.39 

5 

836.9 

July 

10 

33 

14.0 

9.70 

1.45 

5 

724.0 

June 

21 

1  1 

14.2 

9.9  5 

1.42 

8 

June 

26 

16 

14.5 

10.80 

1.33 

8 

6 

June 

30 

20 

14.8 

10.00 

1.34 

8 

July 

3 

23 

14.6 

10.80 

1.36 

8 

861.8 

July 

10 

30 

14.4 

10.20 

1.42 

8 

809.7 

June 

26 

11 

13.8 

10.30 

1.3  4 

7 

7 

June 

30 

15 

14.1 

10.80 

1.31 

6 

July 

6 

21 

14.8 

11.20 

1.33 

6 

1004.9 

June 

22 

4 

11.6 

7.90 

1.46 

6 

June 

26 

8 

11.9 

8.52 

1.39 

6 

8 

June 

30 

il- 

12.1 

8.70 

1.40 

6 

July 

3 

ls 

13.0 

9.36 

1.38 

t; 

521.8 

July 

10 

22 

13.2 

9.4  0 

1.10 

6 

612.8 

July 

19 

31 

13.8 

9.30 

1.47 

5 

663.7 

June 

20 

4 

10.4 

6.98 

1.49 

10 

9 

June 

26 

10 

11.9 

8.70 

1.37 

10 

June 

30 

14 

12.9 

9.63 

1.37 

10 

657.9 

July 

6 

20 

14.6 

10.73 

1.36 

10 

880.9 

June 

27 

2 

11.1 

8.03 

1.38 

7 

June 

30 

r> 

11.5 

8.80 

1.31 

7 

458.9 

10 

July 

3 

8 

12.1 

9.40 

1.25 

6 

604.3 

July 

10 

15 

12.8 

10.20 

1.26 

5 

672.1 

July 

19 

24 

13.3 

9.40 

1.43 

5 

578.6 

measurements  on  the  40  eggs,  the  mean  L/D  ratio  was  1.38,  and  the 
extreme  ranged  from  1.18  for  the  relatively  shortest  eggs  to  1.76  for 
the  relatively  longest  ones.  As  to  final  outcome,  only  five  eggs  showed 
identical  initial  and  final  L/D  ratios,  while  17  eggs  had  initial  ratios 
exceeding  the  final  ones,  and  17  eggs  showed  final  ratios  exceeding 
initial  ones.  The  most  common  sequential  pattern,  exhibited  by  33 
eggs,  was  characterized  by  an  early  relatively  greater  diameter  increase 
(L/D  ratio  decrease)  up  to  an  average  of  16.2  days  of  incubation 
where  minimal  L/D  ratios  occurred.  Following  this,  a  relatively  greater 
length  increase  took  place  as  reflected  by  increased  L/D  ratios  to 
hatching.  One  egg  showed  an  exactly  reverse  sequential  pattern,  and 
six  eggs  evinced  a  straight  L/D  ratio  decrease  (relatively  greater 
diameter  increase)  from  laying  to  hatching. 
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Figure  1.  Photograph  of  Clutch  9  showing  markings  and  size  on  19th 
day  of  incubation.  Larger  ruler  divisions  are  1  cm.  (x  1,  approximately) 
Figure  2.  Size  and  shape  of  three  eggs.  These  were,  from  top  to  bottom,  at 
the  10th,  17th,  and  25th  days  of  incubation,  respectively,  (x  1,  approximately) 
Figure  3.  Photomicrograph  of  egg  No.  2  of  Clutch  8,  taken  on  candler  on 
the     17th     day     of     incubation.      Embryonic     outline     visible     but    not     distinct. 

(x  2,  approximately) 

Figure  4.     Photomicrograph   of    egg   No.    4    of    Clutch    6    taken    on    2  5th    day   of 

incubation.    Note  coiled  position  of  embryo,  pigmented  stripe,  shadow  of  leg  to 

left,    (x  2,  approximately) 


Egg  Weight  and  Moisture  Relationships 

Information  on  the  weight  of  reptile  eggs  is  not  abundant.  Cun- 
ningham and  Hurwitz  (8)  reported  on  18  eggs  of  Scelopo7~us  undulatus 
which  exhibited  mean  weight  of  0.465  grams  at  laying  and  0.948  grams 
on  day  36  of  incubation  (hatching  occurs  at  38-55  days),  which  repre- 
sented a  weight  gain  of  over  100%.    The  same  authors  recorded  weight 
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gains  of  37%  to  47%  in  eggs  of  Malaclemys  centrata,  50%  in  eggs  of 
Caretta  caretta,  and  Karashima  (12)  reported  an  increase  of  35.7% 
in  egg  content   (exclusive  of  shell)    in  Thalassochelys  corticata. 

While  the  weight  data  on  Clutches  5-10  inclusive  of  this  report 
are  not  as  extensive  as  desired,  it  is  felt  that  the  97  weight  determi- 
nations made  on  seven  different  days  of  incubation  yield  indicative 
information.  The  lightest  weight  taken  was  441.6  mg,  the  heaviest, 
1170.4  mg.  Clutch  average  weights  are  included  in  Table  2;  these 
values  show  that  Clutches  5,  6,  and  10  exhibited  mean  weight  decreases 
during  later  incubation  time,  but  the  values  for  Clutches  8,  9,  and  10 
give  definite  evidence  that  mean  weight  increase  did  occur.  For  ex- 
ample, Clutch  8  showed  a  weight  increase  of  17%  by  day  22  and  of 
26%  by  day  31.  Clutch  10  made  a  maximal  gain  of  45%  (on  day  15) 
but  by  day  24  it  was  only  26%  heavier  than  initially.  The  actual  mag- 
nitude of  weight  change  is  somewhat  masked  by  the  averaging  for 
whole  clutches.  Egg  No.  1  of  Clutch  8  made  a  gain  of  85%  (562.6 
to  1040  mg),  egg  No.  6  of  Clutch  10  gained  64%  (484.6  to  795.8  mg), 
and  egg  No.  3  of  Clutch  9  made  a  gain  of  52%  (767.8  to  1170.8  mg). 
These  data  on  egg  weight  in  E.  fasciatus  would  seem  to  justify  the 
more  general  statements  that:  (1)  the  eggs  of  this  species  exhibited  a 
weight  range  of  from  slightly  less  than  0.5  gram  to  slightly  more  than 
1.0  gram;  (2)  weight  increase  during  incubation  was  the  general  rule; 
(3)  weight  gain  may  be  progressive  to  hatching  or  may  attain  a  maxi- 
mum and  be  followed  by  a  decrease  in  weight;  (4)  the  weight  gain 
may  be  as  much  as  85%  but  gains  of  smaller  magnitude  were  more 
common,  and  the  gains  exhibited  were  of  the  same  order  of  magnitude 
as  those  of  other  reptiles  on  which  information  is  extant. 

Evidence  that  has  been  presented  to  this  point  indicates  that  the 
eggs  of  E.  fasciatus  on  which  this  report  is  based  underwent,  as  incu- 
bation progressed,  increases  in  both  size  and  weight.  The  obvious 
explanatory  inference  is  that  this  volume  and  mass  increment  was 
due  to  water  uptake  through  the  egg  shell.  The  remarkable  nature 
of  this  water  uptake  capacity  was  highlighted  by  an  unintentional 
incident  in  which  the  finger  bowl  containing  Clutch  8  was  inadvertently 
permitted  to  become  much  too  dry.  Of  the  eight  eggs  in  the  clutch, 
five  were  dessicated,  shrunken,  and  too  wrinkled  to  observe  on  the 
candler.  On  discovery  of  this  situation,  both  moss  and  paper  egg-cover 
were  made  moist  to  excess.  Within  12  hours  the  wrinkling  was  greatly 
reduced,  within  20  hours  two  of  the  eggs  were  normally  turgid  again, 
and  at  the  end  of  25  hours  all  five  eggs  were  completely  normal  and 
all  five  embryos  alive  as  evidenced  by  movement  when  observed  upon 
the  candler.  Noble  and  Mason  (16)  attributed  this  water  uptake  capacity 
to  the  permeability  of  the  egg  shell;  except  for  this  suggestion  the 
mechanics  of  water  absorption  remain  obscure.  Similar  findings  include 
those  of  Karashima  (12)  who  reported  that  egg  solids  of  Thalassochelys 
cortcata,  a  turtle,  decreased  from  16.5%  at  laying  to  11.4%  at  45  days 
of  incubation,  during  which  period  total  egg  weight  increased  35.7%. 
In  Malaclemys  centrata,  Cunningham  and  Hurwitz  (8)  found  that  simi- 
lar egg  solids  (exclusive  of  shell)  decreased  by  14.5%  while  total  egg 
weight   increased   57%    between   laying   and   54   days   of   incubation. 
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Hatching  and  The  Young 

The  emergence  of  the  young  lizards  from  the  shell  of  the  egg  was 
not  a  rapid  process  carried  through  to  quick  conclusion.  Several  young 
required  45  minutes,  one  2V&  hours,  and  one  as  long  at  3%  hours,  for 
emergence.  The  first  evidence  that  hatching  is  imminent  was  a  slight 
pimple  on  the  surface  of  the  egg,  which  on  close  examination  proved 
to  be  a  tiny  slit  in  the  shell  plugged  by  the  tip  of  the  snout  of  the 
young  lizard.  From  this  start,  the  snout,  head,  and  body  were  gradually 
forced  out,  enlarging  the  initial  aperture  as  it  emerged.  In  general, 
periods  of  quiescence  were  interspersed  with  relatively  shorter  periods 
of  active  struggling  and  wriggling,  the  original  slit  in  the  shell  being 
made  larger  by  tearing. 

In  the  creation  of  the  original  puncture  in  the  shell,  the  head  of 
the  young  undoubtedly  has  an  important  role.  Candling  showed  that 
the  head  of  the  coiled  young  (Figure  4)  was  in  such  a  position  that 
the  tip  of  the  snout,  which  bore  an  egg  tooth,  was  very  close  if  not 
in  actual  contact  with  the  egg  membrane.  Furthermore,  observations 
at  candling  demonstrated  that  the  young  was  capable  of  movement 
for  some  time  prior  to  hatching.  It  is  difficult  to  see  how  such  movement 
could  avoid  wearing  down  the  thickness  of  the  shell  and  thus  leading 
to  the  formation  of  the  initial  puncture. 

The  young  E.  fasciatus  came  out  of  the  shell  with  an  attached  stump 
of  umbilicus  which  varied  from  very  short  to  8  mm  in  length;  this  soon 
dried  up  and  broke  off.  One  egg  weighed,  two  hours  before  hatching, 
484.0  mg;  just  a  few  minutes  after  emerging  the  young  lizard  weighed 
270.0  mg  and  the  shell  and  contained  liquid  weighed  161.8  mg.  The 
remaining  82.2  mg  could  undoubtedly  be  accounted  for  by  liquid  lost 
during  the  process  of  emergence.  In  another  instance  the  shell  and 
liquid  weighed  93.8  mg,  and  the  lizard,  30  minutes  after  emergence, 
342.0  mg. 

As  a  sample  of  the  size  and  weight  of  newly-hatched  lizards,  the 
data  on  six  animals  at  the  age  of  three  days  are  presented: 
Head  (mm)     Snout  to  vent  (mm)     Total  length  (mm)     Weight  (mg) 

8.0  24.5  54.5  310.0 

8.4  24.2  54.0  329.0 

8.8  25.0  55.5  338.4 

7.9  24.7  52.9  292.8 
8.0                           24.6                           54.6  303.0 

23.0  .  .  .  307.0 

8.22  24.24  54.5  313.5   (MEANS) 

These  data  agree  quite  closely  with  a  mean  snout-vent  measure  of 
24.0  mm  reported  by  Noble  and  Mason  (16),  and  with  a  similar  mean 
of  26.2  mm  reported  by  McCauley  (14). 

Egg  Adaptiveness  and  Evolutionary  Implications 

Among  vertebrates,  the  members  of  the  class  Amphibia  are  usually 
regarded  as  the  products  of  evolutionary  processes  which  did  not  endow 
the  group  with  complete  independence  from  its  ancestral  aquatic 
environment;  amphibians  in  general  make  an  annual  trek  to  the  water 
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to  reproduce,  and  they  have  definite  moisture  requirements  in  adult 
physiology.  The  former  of  these  two  relationships  emphasizes  the 
importance  of  the  vertebrate  egg  in  the  evolutionary  scheme;  adapta- 
tion must  characterize  the  egg  as  well  as  the  adult.  Cunningham  and 
Hurwitz  (8)  reviewed  certain  features  of  the  development  of  both 
amphibians  and  birds  and  then  called  attention  to  the  strategic  position 
of  reptiles  as  an  intermediate  group,  suggesting  that  the  reptilian  egg 
might  be  studied  with  profit.  They  emphasized  the  paramount  impor- 
tance of  maintaining  an  adequate  aqueous  medium  for  the  developing 
embryo.  In  this  latter  connection,  it  is  believed  that  the  factual  data 
presented  above  support  the  viewpoint  that  eggs  of  E.  fasciatus  exhib- 
ited two  highly  adaptive  properties  in  that:  (1)  they  demonstrated 
unusual  capacity  to  absorb  water,  as  was  manifested  in  marked  incre- 
ments in  both  mass  and  size;  (2)  the  shells  of  these  eggs  possessed 
elastic  properties  permitting  the  accommodation  of  size  increments, 
apparently  without  losing  any  other  properties  distinctive  to  such 
shells. 

Two  more  adaptive  properties  may  be  suggested  for  these  eggs, 
both  relating  to  the  character  of  the  egg  shells.  The  "normal"  shell 
of  the  E.  fasciatus  egg  has  a  clean  white  color  and  firm  appearance. 
It  was  repeatedly  observed,  however,  that  during  the  5  or  6  days 
preceding  hatching  the  shell  assumed  a  dirtier  or  gray  color,  became 
less  firm,  appeared  to  have  more  moisture  on  the  external  surface, 
and  developed  patches  that  were  markedly  translucent,  some  even 
slightly  transparent.  Several  of  the  papers  cited  above  have  made 
reference  to  these  pre-hatching  changes  in  the  shell,  and  Brimley  (4) 
in  particular  used  the  term  "dirty  white,"  mentioned  the  apparent 
thinness  of  the  shell,  and  called  it  "almost  transparent."  That  such 
changes,  detected  by  observational  means,  may  be  the  reflection  of 
physico-chemical  changes  in  the  shell,  derives  some  support  from  in- 
vestigations on  turtle  eggs.  Karashima  (12)  reported,  in  Thalassochelys 
corticata,  a  change  from  0.061%  to  0.131%  for  CaO  and  from  0.028% 
to  0.108%  for  MgO  between  egg  laying  and  45  days  of  incubation. 
He  explained  the  increase  in  egg  content  of  Ca  and  Mg  by  assuming 
that  these  chemicals  were  taken  from  the  shell.  Regarding  the  same 
turtle,  Tomita  (22)  remarked  on  the  large  amount  of  CaC03  in  the 
egg  shell  and  stated  "Im  Verlauf  der  Bebriitung  entwicklungsfahiger 
Embryonen  wird  die  Schale  teilweise  abgebaut  und  zum  Aufbau  des 
Embryos  verwendet."  These  findings  would  tend  to  place  the  reptilian 
egg  shell  in  an  adaptive  role  as  a  reservoir  of  chemical  substances  that 
are  gradually  withdrawn  and  incorporated  into  the  embryonic  structure 
(e.g.,  skeleton).  Finally,  it  may  be  suggested  that  the  withdrawal  process 
alters  the  texture  and  strength  of  the  shell  in  such  a  way  that  it  favors 
the  initial  puncturing  of  the  shell  by  the  young  lizard  to  initiate  the 
hatching  process. 

Summary 

Over  a  number  of  seasons,  females  of  Eumeces  fasciatus  in  labora- 
tory cages  laid  11  clutches  totalling  81  eggs.  Laying  occurred  mostly 
in  June,  but  extended  from   late   May  to  early  July,  and  was  always 
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in  a  protected  site.  The  average  was  7  eggs  per  clutch,  and  about  30 
days  was  the  average  incubation  period.  During  incubation,  size  in- 
crease occurred,  averaging  20%  for  length  and  29%  for  diameter;  weight 
also  increased,  as  much  as  85%  for  individual  eggs  but  averaging  45% 
for  clutches.  Fifty  of  the  eggs  hatched,  and  the  hatching  process 
required  45  minutes  for  most  lizards  although  one  required  over  3 
hours.  Suggested  adaptive  properties  of  the  eggs  having  evolutionary 
significance  include:  (1)  remarkable  capacity  for  water  uptake;  (2) 
an  elastic  shell;  (3)  the  shell  as  a  reservoir  of  inorganic  materials 
that  are  withdrawn  and  utilized  in  embryo  formation;  (4)  late  texture 
and  strength  changes  in  the  shell  favoring  the  initial  puncture  necessary 
to  the  process  of  hatching. 
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